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TECHNICAL SESSIONS 
_ OCTOBER 9, 1929—10:40 A. M. TO 12:30 P. M. 


BOSTON “METROPOLITAN DISTRICT 

FREDERIC H. Fay,* M. Am. Soo. C. E. 


* he City of Boston 


vot forty ‘separate municipalities so.closely knit together, both physically and 


_ by the bond of common interests, that they form virtually one one large. com- Pd 


munity. other large cities of the count the of popul: 
from congested centers over neighboring suburban areas of compara- 


tively recent occurrence, and generally these cities haye -expan ed in territory = 

with the sp spread of population. Boston, always small: in area, has had no 
substantial territorial ex expansion in recent years ; furthermore, ique 
in that for more than half a -eentury the 2 population ¢ of the outside territory, ; 

which it is the. business center, has outnumbered that within its city limits. 


‘Boston Metropolitan an District, therefore, of necessity the pioneer 


meeting and solving | problems « of common interest to. many ‘municipalities, and 


here metropolitan agencies have been developed both for a longer time and 


a greater extent: than i in any other “ares of the United States. preg 

Boston } District at present has a of 20 000 000, 
: or more, of which approximately 800 000, or + 40%, reside within the limits ar 


the city itself, and about 1200000, or 60%, live within the 48 cities and 
_ towns which, together with Boston, constitute the Boston Metropolitan: Dis- Bi 


as defined by the U. Ss. Bureau of the Census. bes 

Ohi - Massachusetts as a whole is, of all the States of the Union, second | only to 
Rhode’ Island in density of f population. . If its present estimated population 
of approximately 4 400 000 were distributed evenly. over the 8 039 sq. miles o 2 

= land area of the State, each square mile w ould contain about 545 inhabi 


The is far from_ even, however, of 
ven 


tions it has led all the States of the Union in the number eis cities having — 


Spofford & 
Boston, Mass. 


— 
Boston. 


exceeded 


t political units, they-a are 80 10 closely. knit that they form 
virtually one large which Boston is the center. 
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"portation the population from the more 
of the larger cities: to ‘spread: out over adjacent. more open” suburban 


The ‘electric street which was about forty 
-years ant: and the automobile, which has come into such extensive use ‘within 


: 


a The rapid growth of population of suburban territory has affected different 
cities in different ways. In ‘most cases” ‘res sulted in the territorial 
of the cities t themselves by ‘Chicago, IIL, ‘is an example 


> 


tion of | 


000 population, 10000, or more. Most = 
ie 
pos 
A 
— 
| 
— 
— 
— t 
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ulat tion. of the Chicago Metropolitan District was found within the 


a 


position which it holds to- day, that ef the fourth largest: urban district of the 
country, being exceeded only by | ‘New York, Chicago, and Philadelphia, Pa. 
Of all the large cities, ‘Boston: was the first to develop as the center of a an : et 


fore, was the pioneer district of the country. 


District. Population. of | density per 
A 


ar 
Metropolitan 1 174.82 100.0 «| 788 


299.00 
875.82 | 


Incity proper.. 


CHICAGO, 

Metropolitan District.. 
In eity proper. 
Outside 

Pa.: 


In eity proper a (42.2 


PITTSBURGH, _ 
Metropolitan District........ 
In city proper 688 
Metropolitan District........| 278-88 | 1.165 158 : 
179 115 
991477 


In (Ben Francisco) proper. 506 676 «56 
Metropolitan iatrict... 299. 008 100.0 
city proper ... 365. ‘576 673 "65.6 


‘Data from U. S. Bureau of the Census. 


their solution. As co- between ‘communities was 


3 not possible « of accomplishment, the State, as the sovereign power, was forced — 


ff of the population of its Metrop 
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"Separate districts, “composed of different: groups 

munities: were established the State different purposes, but no one U 


of the several districts thus established « corresponds exactly with the Boston 
Motropalitan, District as defined by the U. S. Bureau of the Census. Wes 


DEVELOPMENT OF SEWERAGE ] Districr* an Dra: 


st of the legally constituted Metropolitan — Districts of Greater Hea 
as the | Metropolitan Sew erage District, “created legislative 


ctment in 1889. The problem of drainage for. ‘the communities clustered 


about the city early arose because of the topographical character of th 


Boston Basin which is ‘drained by three rivers, ‘the Mystic, the Charles, and ig 


Sta 

the Neponset, all of which empty into Boston Harbor along ‘the water- -front. 

Boston the | largest, the central, _ community of this drainage aia 
ap 


district, and as its sewerage problem overshadowed those of the other com- ‘ 
munities, that city ‘was forced to. build a comprehensive municipal “system 

“The | original 


n was located on a peninsula, almost an island, with the 
mainland by a narrow neck, Beacon Hill, on which the State House is now 
located, , was the central eminence of this small natural peninsula which 


to the east of present Charles Street and Broadway, within what is now 


m 
known, as the down- town business section and the North End. Topographi-— 
cally, ‘the city has undergone radical changes. Most of ‘the original ‘small B 
wis 
“hills have been leveled. ‘Beginning early in the Century the 
1creased area for the town was met by filling the flats along the ‘vad bi 
; rama notably i in the ‘Back Bay, until, to- day, not a foot of Boston’s ‘original — t 


When the first sewer was built i is. not known, but ‘it was earlier than . 1700, } 


in 1701, when ‘the population was about 8 000, ‘the nuisance breated by 


frequent digging up. of streets to lay sewers and to repair those previ- 
ously built had become ‘so great to. lead t to the passage of a regulatory 


“ordinance at a Town Meeting. Up to this time, and in fact for a century — 
quarter thereafter, until Boston had been incorporated as a city, 
sewers were built by private enterprise. When some energetic householder 
on. any ; street ' decided that a sewer was needed there, he persuaded such of 


his neighbors he could to” join him in building street drain. Having 
obtained permission to open the street, or perhaps having neglected this 


preliminary, they built such a structure ‘as was thought necessary 

shortest line to tide-water. aoteatl : a 
yi The filling of the flats alone the shore frontage necessitated the anheesion 


of these old sewers the outlets of which would have ean cut off.. The exten- ie 


{ 


ae This account is introductory and supplementary to. a more complete treatment give given: 
under the title, “Sewerage in the Boston Metropolitan District,’ by x. Henry 
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pe, and, in some cases, 
The shore outlets were almost invariably 
below high-tide level and were provided gates. besa 


> 


Under certain conditions of the atmosphere, especially on summer even- 


ings, well-defined sewage odor would extend over the whole South and 
West Ends of the city proper. | This was the condition existing at the middle 
of the Nineteenth Century and ‘until the completion of the Boston Mair 


‘Health, first ‘State Board in the country, was. established 


enactment in 1 1868. hile it had State- wide jurisdiction, the principa 
for its creation was: the ‘unsanitary condition resulting from the 


_ Spurred to action by the City Board of Health, Boston set up a municipal “a 
In 1875. to study. the drainage problem. report of 


Commission recommended two systems of main branch intercepting | 
sewers, serving on both sides of the Charles River. The 


system, which was~ to serve not only the Charlestown and East Boston ae 
tions s of Boston, but also portions of Cambridge, Somerv ille, Everett, a 
and Winthrop, was not adopted | at the time because | of the failure of Boston 


to secure the voluntary -operation of the other communities in which 


much this system lay. The : sou system, planned to serve the city, 
proper» and “parts of Brookline and of _the Roxbury, Dorchester, and 301 
Boston. Sections, lay almost entirely within the city limits and was Sukateh:., 
tially” that. built immediately: thereafter known the Boston Main 
4 Having secured the necessary legislative authorization, the City built the a 
Boston Main Drainage System between 1876 and 1885. “It consists of 
intercepting se ‘sewers: along water- fronts of the city proper and ‘South 


Boston, connected with, and taking flow other than heavy storm flow from, 


District. —While the Boston Main Drainage System took « care of the greater . 
part. of the nuisance caused by the discharge into the’ tidal waters around 


Boston of | sewage from that city, it did not ‘remedy the situation caused ‘by 


other communities particularly those the north of the Charles River. ped 
oluntary co- operation by interested municipalities being ineffectual 


2h, 


‘meet this ¢ common drainage problem, the State intervened and, by legislatio 
passed i in 1884, created the Massachusetts 
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n, made public at + the 


need ‘of com common action in the s solution of ‘drainage ‘problems. com- 
ds) munities surrounding the City of Boston. st ‘The public mind \ was not ‘satisfied, 
z, however, that | the answer to the problem had been found in the recommenda- 


a tions of the Drainage Commission. — The Legislature directed the State Board 
of ‘Health to cearry the investigation further and, it in 1 particular, to “consider 


on and Charles" River Valleys. The State Board of Health attacked 
port to to. the Legislature i in J 


the problem in a most nvnetaes manner, and its re 

1889 is a noteworthy document. The Board made exhaustive ‘investigations and 
aes regarding methods of sewage disposal by filtration, by chemical 

ie os the peace of ‘its investigations nar State Board of Health recommended 


this’ system being designated as the N orth Metropolitan 


‘and the Brighton District of Boutin! the Board recommended another eystem 


ablation’ Establishing District—The exhaustive 
report of the State Board of Health, made in 1889, was the final step and 7 


resulted i in the passage by the Legislature that year of the Act ‘establishing the 
Metropolitan Sewerage District and creating the Metropolitan Sewerage Com- 
mission to build, maintain, coniprehensive ‘sewerage systems to 


In 1652, a private company was chartered by the General 


- sachusetts | Bay Colony under the title of the “Water Works Company” * * EAL 4 
The first organized attempt to induce Boston to construct a system 


4 
water supply at public expense was made i in 1825, ‘three years after. r the town 


was incorporated as a city There considerable opposition 


*, Finally, Popular demand became so strong that 


secured in 1846 * *, Lake Cochituate water was first furnished in | 


1848 when | the population of the city was 127 000. 

In the early § Seventies it became apparent that Lake Cochituate was 

a ‘inadequate to meet the needs of. the growing city and that additional water 


Ss be obtained. After investigation the City decided to secure water from 
the Sudbury River water- -shed lying immediately west of Lake Cochituate — 
* * *, This water was first introduced into Boston i in 1878 


This interesting account is augmented by a more complete history to be found in the 


eubsequent on Water Supply,” 


’ by Frank E. M. Am. Soc. c. 
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the water ‘supply had become most ot pring, 


ed by the ‘Legislature to make 


of the’ broad question of metropolitan water supply 


The Massachusetts | Legislature of 1895 adopted the recommendation of thie ~ sentiz 


~ comprehensive 1 report of the State Board of f Health. — It passed an Act creating -indep 


Metropolitan, Water District to develop the South Branch « of be 
ashua Rive er as an additional source of su supply. 


_Boston’s City Park ‘Syste m.—P revious to 1875, the principal ‘pleasure 


=’ the ‘City of Boston wi were ‘the Common > and the Public Garden, 

although were also a number of of smaller public. grounds and § squares. The | 
Commean: had been set apart: for the common use of the inhabitants soon after 
the settlement of the town in uae and until the beginning of the ‘Nineteenth 


Century it was used chiefly” as a a pasture for horses and cattle. Tt has: an 


area ¢ of 48 acres. The Public Garden, 24 acres in extent, lying ‘immediate ly 
ae the v w vest of Boston Common, was formerly a a submerged : area, a part of the 
ae Back Bay, the old shore line being along Charles Street which | separates the 


ommon and the Public Garden. om The land oceupied by the Public Garden as 
vell as by Beene the whole of the Back Bay District was m made > eal ; 


City of Boston, with. power to take for, and to ‘construct, puble 


parks, Within twenty the appointment of 1 the Board in. 1875, 
‘and constructed comprehensive ‘system of parks and 
connecting boulevards which, far superior to to of any 
3 ‘Temporary “Metropolitan P ark Commission of 1892. Park 
‘System m made an _impression on other ‘communities around Boston 
the. latter "secured legislation 1892 under which the ».Governor 


a | temporary commission to serve one to report on the -advisa- 


his temporary Metropolitan P Park Commission, i in its report in 

18 1893, pointed out that the growth 1 of rapid t transit, both by steam ; railroads and 
s, had made ‘every municipality within ten miles of Boston a 

suburb. fof that city. . The city population was rapidly diffusing itself. 

ver this Metropolitan - Ared,. such that the ; area had already become i in reality 


one large community. of River the City 


il for use. 
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to be quite diffe 
nal spaces. Kisewhere, however, one found co en. spaces 


owas its re 
nified problem, otherwise its natural develo pment would surely be. hampered di 
palities into a’ political entity; the the of recreational, 
facilities under State authority, Consolidation was not practical, as. thes 
sentiment of the communities generally for maintaining their political 
"independence. vt State action, however, \ was deemed to be entirely practical. ir 


pointed out that, of the _ cities, 


‘Establishing. M etropolitan. Park 
"accepted the report of the Temporary Metropolitan Park as the 
answer to the ‘recreational problem of the Metropolitan District, _and,. 


893, it: passed the Act creating the Metropolitan Park System and providing 


for the appointment of a perma bod 
on In acquiring lands for park purposes for the Metropolitan District it was 
- the! intention to follow the practice already adopted by the City of Boston for ae 
its City Park System, t a - 
_ munities became more thickly settled and to leave these open “spaces “more, or 


s in their natural state ‘until such time—if artificial development 


_ The ‘Metropolitan, Sewerage, WwW ater, and Park Districts are the ‘three, per- 


— 


and legally established districts created by legislative enactment, for ike 


4 which public improvements have been constructed for the common benefit of. bank 


the communities concerned. Other metropolitan, activities have been, and 


being, carried out under authority of State legislation. 
'’ __ The improvement . of the Charles River Basin effected about twenty- -five bos 


_ ~years ago by a special commission under authority | of State legislation, i is the te 

chief example of a special metropolitan constr uctional activity. " This part of 

the Charles River, formerly a tidal estuary with offensive mud-flats, has been | Ed 
- transformed into a fresh- ‘water | basin held at constant level by the building of iy 
the Charles River Dam. The Charles: River Basin Improvement, while 


primarily a ‘sanitary measure, created a water park such as f few 


legislation passed in 1929, the Basin is. -to be further! developed to ‘add 
to its attractiveness and its usefulness to the citizens of the Metropolitan — 


- District. Since its completion, the Basin has been under the care and maintes! 
Foes of the Metropolitan Park Commission and its successor, the Metropolitan — 


i ie In the matter of rapid transit in the territory in and around Boston; ‘ the 


@ State has exercised authority of metropolitan character. This: territory i is 
7 served by two transit | systems, those of the: Boston Elevated Railway Company 
and the Eastern’ ‘Massachusetts Street Railway Company. Prior to. the’ World 


War these two Companies had found it increasingly difficult to make both! 


ends ‘meet under the fare rest: tions: imposed. “When the war 


its train the rapid i inerease in 
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ecame increasingly acute 1918; both were faced with: thal) 
alternative of either ‘securing increased revenue or going’ into’ bankrutcy. 
_ Adequate transportation was a. matter of deep concern to the communities om 
gon these ‘two ¢ companies for''s service. Public ownership was not 
avored. Instead of ublie ownership,’ the Legislature of 1918. passed two 
Public Asti: ‘one applicable to the Boston Elevated ‘Railway ‘System, 
the other to the Eastern Massachusetts Street Railway Company. 
‘case, there was created a of Trustees, appointed by the 


atter. of necessity. F restrictions were 


was “directed ‘to operate ‘its: at ‘cost; and — 


the Public Control ‘Ret Thus, these ‘two transportation systems were = 
ut of the hands of the ‘stockholders and put under the control of public if 
officials ‘where ‘the control remains’ to~ -day, although the question is now under 


discussion ‘as to ‘the future “arrangement shall! be. Thus far, public 


control has been of distinct benefit to the Metropolitan. District. and has been 


Tay 


the means of saving the situation Ww hich had become most critical 1918. 

t The Metropolitan Planning, Division was established by legislation passed 

1923. Although a division within the ‘Metropolitan District | 


ree is broadly representative and of the seven commissioners in charge, three 


i rs appointed | at large by the ‘Governor and the others are official representa- TY 
tives of the State Departments of Public Works and of Public Utilities, the 
Metropolitan District Commission, a and the Transit Department of ‘the City 
of Boston. The Metropolitan Planning Division is charged primarily with the 
of “investigating making’ recommendations to” ‘transportation 
service and facilities within the Metropolitan District. no sense does it 


supplant loca’ planning agencies, , nor does it deal with projects exclusively local " 
in character ; it aims to secure -ordination | on broader matters affecting the 


| its ‘eredit, in the first 


has: issued the bonds. Wi meet the cost of metropolitan. developments. 
In no ease, however, have these developments: been treated as State-wide 
nor has: the. work of construction been carried out. by: estab- 
lished State departments: instead, the State has created special, agency to 
eg _ Altogether, the State has issued considerably more than $100 000 000 of — 
bonds for improvements. The ‘cost. of maintaining a and operating 
_ these improvements is met by. legislative appropriation ‘from the State 


Treasury, By ‘these transactions, the State i is. not out. of pocket » however, 
as interest and retirement of bonds and the cost of maintenance and operation - 


are. reimbursed to. the State direct tax on n the, municipalities of each of 
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several “Metropolitan Districts. ‘The method ‘apportionm 


q 


by ‘the Uv. Bureau. of the Census as comprising ‘ The 
District. To a very large extent these. several communities are bound together 


a by common interests in matters such as, water supply, sewerage, and. drainage, 


parks, transportation, postal facilites, and public safety. The 


question naturally arises why, with this large and varied. ‘community. of 


interests, do not. these several municipalities unite with the City. of Bosto 


one central municipal government? “Thus, “Real Boston” would 


come single city and would be recognized for what. it really instead. 9 


“lite communities. “The ‘added | prestige 

Tecognition of her ‘rightful place among the large cities “of the 
world has long been ‘angea as one | of the reasons for the annexation of these 


neighboring: municipalities. “The City” of Boston would ‘then include nearly 


f 
rgely ‘one 0 psychology. “Boston i 


“half the population of the State 


The question ‘of annexation. la is 


but in the case of many of the ethaller cities and towns local pride, 
historical ‘tradition, differences: ‘in’ racial political complexion, all” 
“against outright. annexation. The communities are jealou 
existence as “separate: entities, although willing to co- operate. with other 


in ‘matters of mutual concern. There is no present ‘indication that 


5 


¥ Boston” will result from the annexation to. Boston of forty ‘or more muniei- 
instead, ‘the Boston Metropolitan District, in its “present and pos 


-sibly in’ enlarged fields of ‘activity, seems likély to function for 


BOSTON METROPOLITAN DIS TRICT 


mas extended limits 


towns lying within area have retained their local 


The metropolitan: area ‘of: Boston ‘is usually’ considered as including those 


“cities and towns any part of the territory of which is within ten | miles of the 
State House. The Metropolitan District as” ‘it is composed for ‘the exercise 
the ‘Metropolitan Systems controlled by the’ Metropolitan District 


mission’ five such municipalities ‘and eight: “situated outside 
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this area. dt The populatio 


adi the entire area, including. Boston is 1 800 000. These 


contribute to 1 these systems and directly benefited by: their advantages, 


although many times this ‘number from all sections of the State and Ration. 
are privileged to, ‘and ‘do, share these benefits. Piles 
Scope of Commission —The Metropolitan District Comthission exercises 
“the functions formerly under the jurisdiction of the Metropolitan Water 
and Sewerage Boar d and the Metropolitan Park Commission. These func- 
tions: are defined i in “general terms by the statutes creating these boards, as 


follows: “ to construct, ‘maintain ‘and¢ operate main and disposal works 

2 ‘syste m of w ater works”; “to acquire, ‘maintain and make available open 


2 ‘spaces for exercise and recreation” ; a nd “to connect _ any road, park, way or 


a other: public. open space with any part of the cities and towns of the district | 


are four Metropolitan Districts, Sewer North and 


outh, a "Water District, and a Parks District. ‘The Sewer. and. Water 


cities | and ‘towns directly. served the. sewer 


“palities within the Metropolitan Area, The Parks Distriet ory 


municipalities, or practically all those included i in the entire area. 


Methods of Organization— —The first of these activities ‘undertaken was 


Sewerage | system and the “Act passed in 1889. authorizing its “construetion 


created a ‘commission of three members to be known as. the Board of “Metro- 


4 
 politan ‘Sewerage Commissioners. The Governor | “appointed ‘the. ‘members, 


_ who were ‘to be “three able and discreet men of ‘the ‘Common: 


wealth. » The Board chose one of its members as. Chairman, | elected a Clerk | 
a member of the Board, and appointed such agents, officers, and servants 
as it necessary to. carry out the purposes ‘of Act and determined 


Er. their | duties and compensation , and removed them at pleasure. . The members : 
office for three years, their terms: expiring in “succeeding years. 


we 


towns i in 1 the North District and in the South ‘District. 
1895. Here, ; 


‘40 be a resident of Boston, one member a 
resident of one of the other towns in the District, and the third, 
any ‘citizen of | the. Commonwealth. ‘The Board was to. appoint an: 
a secretary, and “such other officers, and clerks, as it deemed. neces- 
ABT. The Water District was first, made up of those cities and towns: that 
_ were to b be furnished with water. dd It was provided by the Act that any other 
sity or town, any. part of which was within ten miles of the State House, 


could be admitted to the District upon, such terms and conditions as the 
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4 Commission should. deter 


now. includes, twenty, cities and towns. 


the. Chairman. No restriction was placed on uni 


“of -members for. appointment. ody ai sitieqora brek. 
The Metropolitan Parks System was started in 1893 and placed ; in charge re 
tot a Metropolitan Park Commission of five members appointed as in the other 


cases by the Governor without : restriction as to ¢ qualification for membership, 


to hold office for terms of five years. The members. were to ‘serve without 


compensation and did so until 1901, when. salaries were attached to. the pos 
tions. .. The Board chose e its Chairman 2a and was empowered to. appoint 
_¢lerk or secretary and alah other employees as it deemed necessary, including 


hy District Commission Created.— — —By a Constitutional Amendment ado pted 
1918 all State boards “and commissions were required to be. organized 
into n not ‘more than one and in carrying» out this re- “organization in 
1919, the ‘Metropoli 0] 

the powers, duties, and of the Park 
2 and the Metropolitan Water and Sewerage Board. It consists of Com- 


“missioner | and four Associate Commissioners who must. be residents” of the 


t 


District and at least, one. must be a r resident of Boston, The Commissioners: 
i are “appointed by the Governor to hold office for terms, of five years, tl the term 


OF 


The Act creating the ‘Commission provides that the shalt 


organize the Commission i in such divisions as he may | from time to time deter- 

mine, and, with ‘the approval of the Governor and Council, he may appoint a — 
director of each division to have charge of its work. The Commission is 


authorized to employ a secretary, engineering chiefs, and ‘such other offi icers- 
and employees, including a suitable police foree, a s the work may require. | 
In accordance provisions he work of the Commis- 


divided into four divisions: Parks, Park the: 


each in charge of a director. The Directors of Park Engineering, Water, “9 
and Sewerage also serve as Chief Engineers of their Divisions. — aD Tey its 
16 Sewerage—The Director and Chief Engineer of the Sewerage Division 


responsible for the construction, operation, and maintenance of both orf. 
sewerage systems. ‘The other employees. of this Division ¢onsist of an Engi 


neering Staff a small. | clerical force, whose work is general 
systems, and of the operating and maintenance forces of the separate system ns. : 


The average number of persons employed 225 and the 


pers, December, 1929.) TECHNICAL sessions é“ié 

that mine. Several have been added, and the. District ea pa 

tion Wewarage Board was combined with the Water Board under a new Commis- 
sion ealled the Metropolitan Water and Sewerage Board, to owhich was @ 

sises transferred all the powers, rights, duties, and obligations of the other two = §& 
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mt Water Suppl —The construction, operation, a water 

System is in charg of a. Director 2 and Chief Engineer, an engitteering 


and clerical force. maintenance of is divided 


the Sudbury Sectionis: of Sudbury, ‘Southem 
Sudbury and Cochituate water-sheds, their ‘storage reservoirs, ‘and’ aque- 
ducts; ‘the: ‘Wachusett ‘Section covers: that water- -shed and reservoir, with the 
aqueduct and properties within, ‘it; ; and the Pumping ull the 


pumping stations within the distribution ‘area. The Water Division employs 


an average force of about 362, and its maintenance costs are about $800 000 


cro 


sion. of these: Superintendents is a in charge 
‘the general supervision | of the Police Department and recommends the 


police ¢ assignments. The Parks I Division has an average maintenance force of 

43 

he ‘Parks Engineering Division, | under the supervision of ‘the Director 


d Chief Engineer, has charge of all engineering work for construction and 


~imaintenance. has ‘direct charge of all construction except “such smaller 


repairs or construction as may be handled by the maintenance forces, and to 


these ‘it gives such engineering assistance ‘as may be required. Tt oversees 

building an 1d entrance “construction ; ecks property lines ‘to avoid 


eroachments ; recommends locations: for and public utility struc: 


tures ‘ind direct charge. of the maintenance ‘of all bridges, locks, 


draws. It mri an average force of 43 engineers and 57 other employees. 
~The mainten ance cost of ‘the Parks Systems, including special appropriations 


Operation of District: Commission.— -The Metropolitan District Commis- 
sion, although its ‘activities are exercised for the -metropolitan cities” and 
towns and not for the entire State, is a ‘State: Commission and functions in 
all respects as such. Title to all property forming a part of the 
systems is in the State; ‘the Commission is’ subject” to the same supervision 

-and control as other State Commissions; its employees, except those specially 4 
“exempted, are under civil service laws; appointments are subject to ‘approval _ ! 
the Commission ‘and Finance; and its expenses “are: 
subject to budget estimates and legislative appropriation. _ The Commission | 
makes: its annual recommendations reports to ‘the: 


ions. 
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made for purposes not permit of any extensive. additions or. improv ver 4 


mente: Authority for such work, « as well 2 as changes or amendments to existing © 


_ Financial Aspects.—All the’ expenses the 
ton, and maintenance of the Metropolitan Systems are paid in the first instance — - 
by. the State and: are ‘then assessed back on the. municipalities. included i i 
‘the Metropolitan District for. which the expense is incurred. The propo I 
tions: or percentages of the total’ cost which ‘each municipality jis to pay 
“are: determined by the Commission in the manner prescribed law pers 


certified by it to the State Treasurer. The State Treasurer determines. the 
total amount of appropriations, interest, sinking fund, and serial bor nd -pay- 


mente’ required, and ‘assesses that proportion of the total, 
percentages, ‘upon each of the municipalities. rod fle fire 


When ‘the different ‘metropolitan activities ‘were first created, | it was 
"vided that, except in the case of the Water District, the proportions in which — 


of the cities. and towns in the should pay the 


-sioners sto. be by the. Supreme. Judicial Court: i in ‘manner. as) 


system the City of, should pay, be based on. "the. 


centage ¢ of its valuation to the ‘entire valuation of the Water District, and — 


hat the’ other. cities and towns should contribute the remainder on a pepper) 
based one- third on valuation and two-thirds.on population, In 1905, 


these. proportions. were changed ‘so far as the mating and towns. wer 


% concerned by substituting | “consumption” of water for ‘ ‘valuation” of prop 


erty. In 1906, Boston’s percentage. was in she: same “manner. as. 
of other municipalities, and this proportion, t based. one- third on 


ation: two-thirds | consumption, for assessing construction, and: 

charges, has since been used. » ai to sox aif 


Proportioning Costs.—In ‘the. Sewerage Districts the first, Commission 
appointed fixed a proportion based on for construction costs 


: on population, for maintenance cost. The second Commission appointed fixed — 


the same method for determining | apportionments, aad, 1906, this, basis 


was. enacted into law and has since remained unchanged. 701 bid 
first ‘Metropolitan Parks provided 1 that the Proportions for 
thi 
: Supreme. J radicial Court every | five years. ' The 
migsioners appointed owas, ‘on a percentage. of of taxable valuations 


sinking-fund. requirements, and upon a percentage of taxable v valua- 
ions and for msintenance of reservations, and the District's share 


Commission has general authority to operate and maintain the several 
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‘of the of boulevards. was followed by 
“missions ‘un until 1919 when, Tat the “request of the municipalities concerned, 
t was ‘established by law as the basis for the park assessments. 


The ‘amounts to be’ paid by the municipalities as finally determined by 4 


) ha State Treasurer are included in ‘the other State assessments against the 


cities and: towns and ate collected as a part of the State tax. The ta 
‘one-half the ost of construction and maintenance of the boulevards, 


and this contribution is now : met from the Highway Fund collected “ae 


automobile registration fees and the “gasoline tax, 
at bonds issued for construction costs of the Metropolitan Systems ‘are : 
State bonds on which the State is in the first instance responsible, but is 


reimbursed for all payments by the ‘Districts. Until about 1924 practically | 
construction” costs” ‘were met by: ‘new bonds, and the bond repre. 


cost of ‘fairly: substantial mmprovements, has often. ‘been met by 


. Until ‘1912 all bonds issued were sinking fund dantcaned of 


‘them « on a forty-year basis, but since that time ‘issues have been serial bonds 


etropolitan Planning 1923, there was organized by legislative enact- 


ment within the Metropolitan District Commission : a Division of Metropolitan — a 

Planning.’ ‘This Division is in charge of seven Commissioners, three of 
ee appointed by the Governor for terms of five years without compensation, 3 


member from the ‘Departmerit of Public Works, designated by the 


sie: a member from the Department of Public Utilities, designated by | 
- the Chairman, a member from the Metropolitan District Commission, desig- 
this | and an officer’ of the Transit Desartinant of the 
‘of Boston, design: ated by the Chairman. The Chairman of the Division — 


bo The functions of this Division are to investigate and m make recommenda- — 


tions as to transportation service the District and the co- -ordination 


~ 


Metropolitan District Commission it on its work as a separate ‘body. 
membership | brings together in one group representatives! of most ‘of the 


sion employs permanent engineering and clerical forces and such 
: additional engineering and consultant experts” as its investigations 1 require. pts 
The work of the Division is entirely advisory and recommendatory ‘and zs 


requires no operating or maintenance employees. pee The Legislature refers to & 


this Division for reports | on. many of the bills : relating to transportation within ‘Ss 
the District; and its recommendations have been the basis ‘many of the 


boulevard, highway, and: ‘rapid + transit improvements authorized for the years — 


Water Supply Commission—When the additional supplies fc or the Metro- 


Water ‘System were authorized ‘in 1926 to include the Ware and Swift 
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ah 
trict Commission as Chairman, and: of two Associate 
pointed by the overnor. ora {trative 


This Commission was authorized 1 to. appoint a Chief Engineer and such 


engineering, legal, clerical, and other assistance as it ‘necessary. 


Epwix *M. Soo. © 


4 
islature of ‘Massachus 


f Metropolitan Park Commissioners, whose term of lees was to be one yeal 


‘This Commission issued a comprehensive ‘report embodying its own recom- 


‘mendations, and a report by ‘its is Secretary containing many y arguments for the ; 
establishment of a Metropolitan Parks System, with descriptions of the various — 


‘sections of the District where ‘such parks could well be established. ‘also 
‘submitted : a ‘report by Mr. Charles Eliot, a landscape architect of established 
reputation, describing both the topography ‘and geology of the territory 
recommending the establishment of an extensive ‘parks system. 


Creation of Park Commission. Following. this” report the Legislature of 
passed, in 1893, an ‘Act ‘creating a Board of Metropolitan 


Commissioners of of five > persons, who were authorized nd directed to 
and hold in the. name of the Commonwealth open spaces for the exercise a 


recreation of the inhabitants of the District. | This Act. constituted fourteen ml : 


cities (Boston, Cambridge, Chelsea, 2 handed Malden, Medford, rd, Melrose, 
Newton, Quincy, Revere, Somerville, Waltham, , and ‘twenty- 
three towns (Arlington, Belmont, | Braintree, Brookline, Cant, Dedham, 


Dover, Hingham, Hull, Milton, Nahant, Needham, Saugus, Stoneham, Swamp- ie 


scott, Wakefield, Watertown, ‘Wellesley, Weston, Westwood, Weymouth, Win- 
chester and Winthrop), as a Metropolitan Parks District, which has ‘remained 


4 inchanged to the present day. A year later, i in 1894, an Act was passed author- 
iz zing ‘the Commission to acquire lands and construct parkways and boulevards 


to connect the open park s spaces which it. might acquire with the street systems 


_ Procedure of Commission. —The work ¢ of the Commission has t bee on 


med, 
1 by 
the — 
the 
| 
ards, 
from {§ office force, a bookkeeper, and an engineering force under a chief engineer. — 
It maintains its chief office in Boston with three field o ices, * * 
After many years of agitation, the Leg setts, in 
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i co-ordinated therewith. The District has an area of about 400 sq. miles ie 
vift Ee , at the time of its establishment, in 1892, had a population of about 900 000 cee &§ 
ch has more than doubled in the succeeding thirty-seven years. 
Director of Park Eng., Metropolitan Dist. Comm., Boston, Mass. honbs 
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It ‘the that territéry’ to ‘acquired 
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f varied character, comprising wooded and ‘fresh-_ 
reservations, with good facilities ‘for reaching such ‘localities. bite 


_ Within two years more t than 6 000 acres had been ‘acquired, which has been 


4 
to from: time ‘to time, and the total area is in excess 
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Except for ithe intone acreage ie larwely 


1895. This locality was popular as a salt-water resort, but exceedingly unat- 


tractive, ‘Many cheap buildings were scattered along the beach, a narrow- gauge 
‘railroad ran close to the shore, and there were many other undesirable features. 


‘The | Commission relocated the railway, condemned and ‘removed the poor 


property, and built a boulevard along the shore, with | provision . for amusement 
resorts on the landward. side. The demand for bathing ‘was ‘recognized 


in 1897, a large bathhouse was built. 

was made for the storage of 1200 bicycles. 
years later, i in 1899, a considerable oti 
acquired, at] Nantasket Beach i in t the Town of Hull, and this resort was improved . 


jn a manner similar to Revere’ ‘Beach, ‘much less work was: “necessary. 
"Takings of fu further salt- -water i Winthrop, Swampscott, Quincy, 


oes horse- denied vehicles along what is now Soldiers Field Road ade 


the Harvard Stadium, and a year later, in: 1900, , the present trotting track 


Phe built. This is no ‘now, practically the only : suitable place i in the vicinity of 
Boston for the exhibition of trotting horses. to , 


Transportation by other than private horse- drawn vehicles to the park 


lar 
nds was an important item in the early days of the Commission’s work, and 

street railway construction was | encouraged as a means of reaching the various) — 

parks. Street railway development ¥ wa is popular i in those and lines” 


_ were constructe 


was snetea by the turning over of the maintenance of Bunker Hill Monu- ll 
ment to the Commission. This s structure had previously been maintained by a 7 


private association with | the aid of private contributions. . In 1925, a number of 


bridges crossing the Charles River were turned over to the Commission for 
care and control, including both ‘span and draw- bridges. t 


Charles River Basin. .—The lower portion of the Charles River, 


ctween the Cities of of Boston and Cambridge, forms a wide basin, and as th 


is a tidal river for a distance of about eight 1 miles from the harbor, there wa 


~ much eomplaint about the condition of that part of the : river, owing to ‘the flats 
which were exposed at lo low tide. A dam at some location on the river, generally 


n ear it its entrance to the harbor, had been discussed at least from 1859, as 


Acts were passed the from ‘tite with 


providing for the improvement 0 of the lower part of the river by a dam or other 


means, ‘but nothing accomplished. Conditions ‘became more and ‘more 


undesirable until finally in the: Legislature appointed a committee 
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and “report. ‘This Committee e 
ployed experts s in all the | subjects. relating to the improvement of the Basin 
issued a remarkably comprehensive and complete report as the result. 
as passed in 1903 establishing Charles River Basin 
mission, w with instructions and authority to build a dam near ‘the harbor and 
certain embankments along the Basin. This work was completed in “1910 


and impounded the ‘water of the Basin at fixed level at about ‘tt. above 


Metropolitan Park ‘Commission. The water: this ‘Badin is “about 750 


Present tatus —In 1920; the ' Metropolitan Commission w was ‘abol- 


“whieh took over r the maintenance, “operation, ‘and construction of the 


Sewer Systems and the ‘Metropolitan. Water Sy: stem, ‘thus greatly 
To sur Jom: work has taken the form of 
the opening up for. public use of large. wooded tracts, the 
and improvement of certain. ‘beach resorts and the building of bathhouses, the 


construction of parkways and boulevards both inland and along tl the ocean 

the replacement of old bridges ¢ over the various streams and rivers 
with new structures, the acquiring of lands_ along the river valleys and en- a 
_couragement of the use of the 1 rivers, the providing of riding and driving 


facilities. for horse lovers, all in. all a broad program of metropolitan 


recreational and at. total _Sondtenction “cost: of 
tbiqes 


METROPOLITAN WATER a 


od 


DEVELOPMENT OF FORMER AND Existine Sui PPLIES 


Original Works.—A _Water- ‘Works Company w was incorporated. in, 

in May, 1652, and. 1795 and (1796. an. Aqueduct, Corporation was for 
to bring from any part of. the ' Town of. Roxbury (now a part of Boston) into 
the Agen of Boston, and into any street of that town, all such fresh water — 


had or later. have a right to) dispose. of. The water: was 


then 


the first 10 operation, this dividends, for. 
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tne early history of tne siruggic to obtain adequate wa er Tora Tapidly 
ge reads much the same in the ease of each of the then 
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30 years. than 4% per annum ona capital of about 


000. The price for furnished to. customers fixed by the 


This ‘Company reached its” greatest: prosperity about 100 years ago, when 


jt had four main lines of pitch p pine log» pipes, t two of 4-in. bore, and two of | 


-in. bore, extending from Jamaica Pond to the then settled part of 


‘with al about 15 ‘miles of similar pipe of 13- in. bore for the distribution system. 
This Company then supplied 1 1 500 houses, principally east of Boston Common. 
“whe 
ia 1840 it laid a 10-in. iron . pipe line, about 5 miles in 1 length, from Jamaica 3 


7 | Report. on Publicly Owned Supply- —Agitation for a publicly owned water 
_ supply began in 1825, at which time a report states ‘that, Philadelphia, with — 


population of 60 000, had water supply capable of furnishing 3 000 000 
London fumished 29 000 000 gal. daily to population of 


peed of not eee than 1 600 000 gal. daily. 


Misi 


May, 1834, the ‘Mayor of Boston Col. 
eminent engineer of his. time, to an and report, ‘this 
being the first engineering investigation for a Boston water supply. Five 


later 1834, Colonel Baldwin made. a report of seventy- 


> most ‘complete reports” on the 


Gl 


in 1845, by J Te ervis, , Hon. Chief Engi- 
neer for the Croton Water- Works of New York City, and others, wets ae 


= accepted, a nd legisla ion providing for r carrying ‘them out was enacted March 


30, 1846, after twenty- one years of agitation, during which it would ‘appear 


that every possible and scheme of furnishing water had been 
i suggested by would: be experts or by self-interested individuals or organiza- 


Reaching estward for Boston's Ww ater. —The plan adopted provided for 
aqueduct about 15 miles long, with a ‘capacity. of about 20 000 000° gal. 


daily, leading westerly into an area then sparsely populated, taking 
the water supply from what is now known as Le ‘Lake Cochituate, with a ‘drainage a 


of 11. 6 sq. miles and’ an ‘available storage ‘of about 2 000 000 000 


~The etier supply policy of Boston and the’ Metropolitan District for the 


succeeding eighty years has been to steadily go farther and farther to the west, 


trl 


i. order to obtain water from drainage areas sparsely populated and relatively 
free from contamination, ‘and to store these waters in large reservoirs. © It 


has tended both to increase the dependable yields and t to improve the qualit 


was ‘May 4, "1846, with salaries fixed at $3 500 per annum. Break- 


ing of ground’ on ‘August 2 20, 1846, was attended by elaborate ceremonies. | On 
October 25, 1848, water was ‘introduced at ublic. cel ebration, beg 
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TECHNICAL SESSIONS 
at the break | of day with a salute of 100 | guns, followed later by a procession | 


of military, eivic, business, and fraternal organizations representing not only 
_ Boston, but the State of Massachusetts, and, in many instances, all the New 


States. were made, followed ‘in tl the evening by elab- 
orate display of fireworks. + gol “gnig dotiq to wok 


re The contract 7 prices for some of the ‘primeipal anne of work on the Cochitu- 
ate Aqueduct, which is mainly a cut-and-cover masonry structure, egg-shaped, 2 


of 6 ft. height, and of 5 ft. width, ‘with were as 


Open. cut per cubic 


Gblivered, 1 000. . 


he two tunnels were 2 410 and 1150 ft. in length, respectively, and had 


a maximum depth of cover of about 80 ft . Shafts were located about 400 ft. Z 


3 The total cost of the Cochituate’ Works, prior to May 1, 1867, which in- 


‘ee the distribution system of the City, was: about $6 000 000; and ‘the ms 


revenue increased from $72 000 in 1849 to $522 000 in 1867. 


“OTL 


Supplementary Supplies—The distribution system in in the earlier ‘days, be 


fore the introduction of high- “service pumping . included small reservoirs 


- Beacon Hill ‘(the site now occupied, by a part of the State House in Boston) J 


“and East ‘Boston, all long since abandoned. 


Hill. ‘Reservoir, which is still important distribution reservoir, 
finished i in 1869. %, 


fore supply | from Mystic Lakes was deve oped y the eae independent Cit 


ity 


f Charlestown ine 1863, became a part of the Metropolitan ‘System in 1898, 


and was because of pollution on its ‘drainage area, when water 
py vailable from the Wachusett Reservoir. 


The Cochituate Supply first threatened a a shortage it in 1870, and, because of ££ 


low stage of ‘the: water in the lake, pumping. into. the aqueduct 


“necessary during the following year. A temporary addition to the supply : 


was” obtained from. the ‘Sudbury | River in 1871 and subsequent years, until 


reached by he City Couneil to develop a; new from the River, 
to be conveyed by a new the Chestnut Hill Distributing Res-_ 


Sudbury System. —The Sudbury Works were in the main completed, except — 
he additional storage reservoirs on the drainage | area, in 1876 _At this time | 
the total cost of the Boston. Water- -W: orks for construction, including both the 


Cochituate a and By stems, had been. abgnt $12 000 
ut: 109 | 000 000 gal. per day, 4 miles long, mainly a borse- shoe shaped 


t-and- -cover structure, 9 ft. wide by 7 ft. 8 in. high; also seven storage res- an 
varying in size 300 0 000 000 gal. to 7 738 300 000 900, eal, ond, totaling 
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| t as s under in 1898, when it was 
taken over finished by the Metropolitan Water Board. ‘The ‘total drainage 
area of the Sudbury ry River, tributary to the “water s supply, is about 75 sq. miles . 


Metropolitan ‘District Supply. the. early. Nineties it became evident 


that t some joint action of the various communities forming the ‘Metropolitan 


District would be desirab le and probably essential in order to provide water 


all. An investigation w begun in in 1893 by the State Board of Health, 


with the late Frederic Be; Stearns, , Past-President, , Am. Soe. C. as 


Engineer. 4 ‘AS. a result, legislation providins for a ‘Metropolitan Water Sy 


es tem was enacted, and a ‘Metropolitan, WwW ater Board of three members was es- 
ablished in July, 1895. . This legislation established the Cities of Boston, 
Chelsea, Everett, Malden, Medford, Newton, and Somerville, and the Towns 


of Hyde Park (now a part of Boston), Belmont, ‘Melrose, Revere, Watertown, 


nd Winthrop, as a Metropolitan Water District, and provided that any ¢ city 


- town having any y part of its area within 10 miles. of the e State House 
Boston might join the District under the conditions preseribed. 
 SPhe original District include these thirteen (now twelve) municipalities, 4 
to which six were added prior to 1903 and two in recent years, so that at Present, ; 
(192 29), there are twenty in the and fifteen 


+ 


‘politan Water 1 Board should ‘take from the City of Boston all eds at ‘Chest- 


nut ‘Hill: Reservoir and all works westward therefrom, including aqueduets, 


“Medford and the Town of Melrose their r rights i in Spot Pond, 
Acting under this legislation and amendments, Water 


Metropolitan. District Commission, built the 


vil 


Wachusett and Weston Aqueducts,’ a a system. of main diztribution pipes, 


‘Each cit; and town in the ‘District. is furnished wi th water at wholesale, 


retails it to its’ consumers ‘through its own system ‘of distribution mains, 


4 
collects its own revenue, and fixes its own water rates. 2 


Wa chusett ‘Project. —The_ ‘Wachusett Reservoir stores 65 000 000 0000 gal. 


(67 000 000 000 gal. with» 18-in 1. flash- boards) f from a drainage area of 1 119 
_miles (this drainage area is now reduced to about 95 sq. miles because of. 


_ appropriations for water supply of the City of Worcester), and has a flow = 


of 395, ft, above ve low tide of joston Harbor. This reservoir is unique in 


he the « entire: area ea floode d was s stripped of Joam, 6900 000 cu. yd. having 
been removed fete 4100 acres, , and used in dik ces, road embankments, shallow ; 
flowage fills, ete. For the pest -five reservoir has been the 


the Sudbury Reservoirs through 
an aqueduct about 12 miles i in Tength, with a ‘capacity of 360 000 000 ‘gal. per 7 


* pt From the Sudbury Reservoir the Weston Aqueduet, 13.4 miles in length, | 


ears the water to the District. + This — sa a capacity of 300 000 000 
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(8) 
The 


e cost of the Metropolitan Water- Works to ate, exclusive of th 4 me 


, and including about $14 000 000 paid mainly 


o the City of Boston for water-v works taken over as a part of the Metropolit an 
System, is about $47 000 000. oth oun tier 

0. 


became evident about ten age’ result, investigations by 
_ two commissions, 0 one of which reported i in 1922 and the cae | in 1926, legisla 
~ tion was enacted in 1926-27 whi ch established the Metropolitan District Water — 
- Supply Commission and gave it authority to build the new works, such works 
to be turned « over "to to the Metropolitan District Commission for operation w 


rovision is an for the development for emergency | use of certain waters ee 
from the Sudbury, System which had been. little ‘used for many years, for the | 
con. of flood waters of Ware River into the 
the of a reservoir on Swift fiver 10. tod 
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\ fi ite Maximum Possible Additions Under” WoRFot LK M 
Stale of Miles BSS) Proposed Swift River Reservoir 


Max. SHOWING New EXTENSION OF BOSTON WATER SUPPLY AND ITS RELATION TO abindes 


"Both the present and proposed —— are included, the numbering begtanin 


these drainage areas are. as fall 


nag delivering water at its lower end at Elevation 200, wh 

at Elevation 200, which is 64 ft. 
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- Storage reservoirs and, if required, from a portion of the Sudbury River, into 


Sudbury Reservoir and ‘Framingham Reservoir No. 8 28. 23. 
(6) Sudbury River, at Cordaville ...... 
Wachusett Reservoir Area ). 84 


D 108.84 


Route of Water. —The water and Swift will be conveyed 

o. the Wachusett Reservoir through a tunnel about 25 miles in length. ee 


ow line of the Wachusett Reservoir, when full, is 2 260 ft - lower than the 
River. Intake, and fully 120 ‘ft. _lower than the ‘proposed ‘Swift River 
Reservoir. As. the Ww are River will enter the tunnel at about midway of its 


‘through: a shaft about 260 ‘ft. deep, the flood waters may be stored i in 
2 

either the Wachusett or ‘the Sw ift River Reservoir, as desired. 


“organization of the Engineer Corps began October , 1926. The 
works in the ‘South Sudbury District necessary to divert the water of. three 


waters: now in use, were built ‘mainly in 1927. The ey consisted of ‘about 


miles of pipe line from 20 to 30 in. in. diameter, and a pumping sation with 


ingle unit of 20 000 000 gal. per day capacity. 


; 1 Tunnel Construction. —The construction of the tunnel from the Wachusett 
Reservoir 13 ¢ the ‘Ware River was begun by the letting of, the contract for the 


deepest shaft (656 ft. ), i in ‘March, 1927, , followed | by the letting of ol 


five other shafts in Ji une, 1927. ollowing the completion of these shafts 


the excavation of short adjacent lengths of tunnel, contracts were executed 


April, 1098, for the entire ‘tunnel, about 14 m miles ‘in length, from the 
| Wachusett | Reservoir to the Ware River, the tunnel being located and designed 


as to permit of ‘extension to the proposed Swift River Reservoir. | 


The tunnel is through rock, will be concrete- lined throughout, and is 


‘entirely horse-shoe shaped, 12 ft. 9 in. high by. 11 ft. wide, ‘being equivalent 
in area to a circle 12 ft. ft. 9 Din. in diameter. ‘The e excavation has been prosecuted — 


through eight shafts, varying from 215 656 ft. in depth. About 11 miles 


have already been excavated, of which less than. 1% required timber support. 


sey It is expected that the tunnel will be ready to. convey water fre fr 


River into “Wachusett Reservoir. by March 1, 19381. 


xy Tada rock at ‘the e shafts was found within 5 to 30 ft., except in one > instance | - 


where the earth cover was” about 60° ft. The tock is generally sound, of | 


schistose character, with extensive granitic ‘intrusions. - The tunnel excavation 
as a a whole is is comparatively | dry, the water coming in mainly along — 
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iversion Ww orks—The Ware R River Intake ie tunne 


+ 8 and the diversion dam and | control works at t the surface. 
our principal considerations in the design were the diversion of ‘the flood 
flows above the prescribed _ limit of 85 000 000 gal. daily, the measurement of 


the uantity diverted and ‘that left in the stream, the exclusion of air "as = 
a possible from the water taken into the tunnel and the dissipation of the 


energy due to t the drop in the shaft, being approximately 
+4 


Various methods of diverting and measuring the flow were studied. The 
“f general plan is to take the water er through several | siphon spillways of variou 


capacities, which ° will insure the > complete diversion above the prescribed limit 
and prevent any below this limit. These spillways will discharge into a large 


dizecty over the shaft. ‘thig voll) the fall into the shaft will be 
i$ controlled by four large butterfly, valves automatically maintaining a water e 


seal for the exclusion of air and i insuring the submergence of a Venturi meter f 
set vertically « over one of the valves. ‘This “meter will ‘measure the quantity 


deverted under all ordinary conditions, up to its capacity. of “approximately 


: 100 000 000 gal. daily. For r floods in excess of this amount, which occur infre- 

Be quently, the quantity will be estimated from measurements at other ‘points. — 7 
wae ad Spiral WwW ater Flow. —The water will be discharged into the shaft at a point ‘= 
about 260 ft. above the tunnel. ‘Several different methods of dissipating the | 

were studied. igations led the conclusion n that 


‘a : water discharged tangentially against the side of the shaft at an a angle witl 


force, , and maintain a smooth fall in a helical path with minimum impact. 


‘hae Also, that if helical guides were constructed on the inside o: of the shaft lining 
1 they would maintain the circular motion of the water, preserve , its centrifugal — 

Be force, and cause it to ‘reach the bottom of the shaft in the form of a a thin | 


sheet pressing firmly against the shaft. lining, the thin Sheet dissipating its 


energy in an adequate depth of water at the bottom of the shaft. 8 Shaft 8 will 

aoe be lined. with east iron as as a further precaution against deterioration of the 


concrete under the high velocity and possible impart of fall o of water into 

Because, of the importance attached to this | principle in the & dete. of th 


ak shaft lining, tests, under the direction of Charles M. Allen, M. Am. Soe. C. E. 


the 2 vertical would keep to the outside of the shaft, by virtue « of its centrifuga " 


made on a ,j,-scale model at the Alden Laboratory of, “the: 


Wachusett Reservoir Connection.—At Shaft 1, provision is made for 


suring the flow through the tunnel by a Venturi meter, for a future water 
power development, and for unwatering the. tunnel by a pumping plant. és ‘The 


grade of the tunnel was lowered at the east end fo for r about three mi miles, in order 


ensure support in ‘sound rock, thus requiring pumping to unwater it. 
Swift Rwer Reservowr.— for the Swift River Reservoir are val 


advanced ‘and about 35 000 acres of land have been purchased or are ar 4 
‘option, this being about 60% c of the property which will probably be acquired. — 


Se This. reservoir will ‘require two dams of about the same dimensions. 
- maximum heights will be about 120 and 150 ft. above the earth, and about 


250° above the ‘rock. The capacity: of reservoir will probably exceed 
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of 1927-28 and ‘the months of the use of inferior water 


would have been necessary during parts of ‘this period. s already stated, 


H water from the Ware River may be diverted to the wombat Reservoir int 


the spring ‘of 1931. The extension of the - tunnel westerly to the proposed 
Swift River Reservoir and the ‘construction of this reservoir, 

will be » completed in time to take care of ‘the growing needs of the District. 
The estimated cost of the Ware and Swift River ‘projects is $65 000 000, and 


the increase in the available supply of the District will be about 191 000 000 


gal. per day. The total from Metropolitan District sources at 
140 000 000 gal. per day. biqet tot ,ebatnd 


resent is about 14 


water carries no turbidity, is uniformly s 
(about 14 parts per million of hardness), and the color is not ‘hectontl, 


varying from about 14 toa maximum which seldom exceeds: 20 parts p per 


Owing to -long- time storage, sparsely populated drainage areas, an 


water- shed protection, a water of satisfactory sanitary quality has been secured 2 4 


dp resort ‘to. filtration or to chlorination, except that the use of chlorine 
is provided for in the case of water from the more p polluted drainage areas 0 


Lake | Cochituate and ¢ certain of the southern Sudbury sources. 


‘District Water Supply Commission, of which Davis B . Keniston is Chairman . a 
f and Charles M. . Davenport and Joseph H. Soliday are Associate Commissioners. oa 


Nelson Molt Secretary. ‘Frank E. Winsor, Am. Soe. ©. E. , is Chief 
Engineer, Karl R. Kennison, Ath," Bos? C. E., is ‘Designing Engineer, and 
William w. Peabody, Am. Soc. C. E., N. LeRoy Hammond, and Richard 


TRANSPORTATION IN THE MT ROSOLITAN or, 

be Transportation problems are due to the tendency of people to congregate © 


and: crowd together. The inereasing effect has | been to displace earlier 


“more primitive | modes of transit. history of transportation development 


was sketched by Mr. Dana heginnitur with the period just before the Eighties. 
He remarked 1 that evolution had been accomplished roughly in 10-year periods. a 


One of the first of electric” railway ‘was made in 
Early Effects” of Competition. —ollowing this installati on a number of 
it were granted and competition was keen that | sometimes the ight 
cars were derailed, circled around a competitive line, and hurried back. to their 


“origin in order to get business. oF 
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he result. that) not good for the 
said . Mr. Dana. voit It was realized that it was wasteful, that it was a | dog-eat- 
dog’ kind of service, and that if real service was to be rendered there should - 
“8 Consolidations. —The result was the formation of the old West End ‘Street 


a 

“Railway; ; but ‘this. not entirely sc solve ‘the problem because the electric 

was. not yet fast enough. Steps were then taken to ‘provide better service 


was ‘the beginning of another 10-year epoch. 4 Dana describes this 


hn 1898 the Boston Elevated Railway was chinidtineds Sat: the purpose of 
the West End Street ‘Railway. and providing, out of capital raised 


even then, before we heard of the automobile. It had been heard of, but ae 
were few and far between on the street. | Congestion occurred * * * and 
it was necessary, if business was to prosper and if the area was to grow - 
% that we would have a large metropolitan city, to have some kind of rapid — 
transit. ‘The Boston Elevated was chartered and took over the franchises of. 
the West End. . The investment at that time was $25 000000. Boston blazed 2 
_trail—with civil engineers assisting—in building the first subway on this 


continent for electric cars, the present Tremont Street Subway.” 


a The renee was that new areas were “git ome and the city began to grow 

rapidly until about 1908 when there acry” for further developments. 


Early Difficulties Progress, however, was arrested in ‘the next ten ‘years 


; which was the logical time for action. — The city was operating on a flat 5-cent 


fare, “which was harsh because it was determining the price of a commodity _ 


any regard for its as a ‘commodity, and without regard 


an In 1912, a long-deferred adjustment of wages was made, which was Tapidly 4 
later. when the United States entered tl the World War. In 1918 q 


«fl 


War ‘Labor B Board fixed wages to be effective on electric railways, 


brought the Boston ‘situation toa crisis. This ‘was met by running the 
Boston Elevated on a service-at-cost basis under the control Board ap- 


Roots Provision for Depreciation—Commenting on one phase bc this period, Mr. 


2 “Tn 1918, on taking | over the reins of this high-powered machine, the Board 
_ did not fix the price of the commodity quickly enough to prevent calling into © 
effect the safety valve which was put into the law; namely, the assessment 
* of the cities and towns in case of ; a deficit. It was unfortunate that that had — 
; ‘ to be, because the impression has gone abroad that it is very simple to operate 
a Boston Elevated; all you have to do is to eall upon the taxpayers and they ‘ 
“An effort has been put t forth s since 1918 to operate the system ‘efficiently - 
and economically within the limits of a 9.2-cent fare. Boston is not a straight 
10-cent fare city. * * * . About one-fifth of : the riders are carried on short- _ 
“During those ten has been spent, out of 
- was a requirement under the Act) certain moneys in order to make possible - 
the efficient functioning of the system. That depreciation is very much mis- 
understood. It is simply the replacement of worn-out capital through public : 
control. There is nothing to make up for back depreciation prior to 1918, 


but life of individual unit of the property is taken, and an estimate 
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of ithe: life. it should hav the in service 

at cost. It i is true that we have been able to put in new power station units | me 
and some modern cars that compare favorably with, if they are not better than, — a 


those put in elsewhere, and we have gotten certain economies.” eat, 


yt Plant and Personnel.—For example, the. Trustees have ‘spent $4 500 000 


for. certain improvements | that resulted in such marked efficiency | and economy 


zi that, the payroll is now about $500 000 less than it was ; eleven years ago (1918). 
The original investment, $25 000 000 in 1898, As now (1929) $176 000 000, and 


_ the per capita investment is greater than in any city in the United States. 


Detroit » Mich., for example, has a per "capita of $23 as ¢ gompared 


wi h $150 i oston. 


The Boston Rapid Transit. ‘System is | in a “position tc “serve 91 ‘sq. miles 
of territory and a population of 1 300 000. Its employees nu nu mber 8 000 as com- 5 
pared with 10 500 a few years ago, and Mr, Dana acknowledged the loyalty 


of the workers in helping to create ‘the improvements thus far made. 


‘alli Peak Loads of Automobile Users. —He alluded to the effect of the automo- 
“bile in changing the character of servipe of a rapid transit system. 


deg “There has been a change in the trend of ry and we lose one-third — 

4 _of the business in July” and August. A loss of one- -third of the business" for ace 

three months: eats” into ‘the total amount of revenue for twelve months. it 
means: quite a reduction in the figures of the number of people served, and er 


there are many worthy gentlemen in the community who try to point out 
“ek on Elevated is not “needed, because it is not carrying so many people 
j 


as it carried five or ten years ago. We found out that our power load (which _ 
_ is a pretty good index) and our actual operating figures show, that on week 
_ days, eight months of the year, there is an increase. Each winter we have 
been having a harder problem in carrying more people. It means there is a 
differentiation of service with that fixed charge of $176 000 000 going on all 
- through the year. It means that there is a very critical problem 1 there eight 
months of the year, and that problem, as I look upon it, has a potential danger — 
in addition to the swing from summer to winter. * * * Tf we get a 
- northeast snowstorm in December and another one closely following, we have ie 
7 potential load of 45000 to 55 000 people who use their automobiles through | 
Sie “Tf capital were to be available to carry a reserve power plant, a re 
‘in ears and men, the increase would be considerable. Under labor agreements _ 
it is quite a problem to be able to put your hands on enough men and to carry > 
a them on a guaranteed eight-hour day throughout the year. It is quite a prob- 
_ lem to have to face in three months a potential load, varying according to . 
severity of the storm, of 45 000 to 55 000 people a day. The only answer is to 
recognize the need for more ‘rapid transit.” 70, 
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SEWERAGE IN THE BOSTON METROPOLITAN 


By X. Henry Goopnoues, * M. 


In’ ‘the of inh Goodnough, his paper 
form by F. H. Kingsbury, M. Am . Bod. E,, Assistant of the 
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* Chf. Engr., Massachusetts State Dept. of Health, Boston, Mass. out 


Early onditions.—One of the chief early factors in this si uation ‘was the 


3 geographical | ocation « of Bos on—a series of peninsulas | with three tidal Tivers 


emptying into “Massachusetts Bay, and a tidal range ainountihg to 19 ‘to ft. 
at its maximum. Under these conditions the sewers were not all that could — 


ara desired, “ “but on the whole probably s 5¢ erved their ‘purpose fairly well, chiefly re 


because the ‘old city was mb most part gin hills 

As far back as 1850 ‘there appears to have been 


sewers in the city; by 1869, this had increased to 100 miles; : tn 1885, to about 


226 miles; and, at present, the total amounts to. ‘approximately 1000 


(This i is exclusive of intercepting ‘sewers, 


With ‘the Brow th of the city, it. ‘became n necessary ‘to fill” of th t 


at i i og 
‘surrounding tidal flats for purposes of legitimate city use. This entailed the 


~ extension of the sewer line, necessarily at very flat grades, with the inevitable | 


result | of creating ‘ “offensive odors caused by the deposits of sewage in the 4 


neighborhood of outlet.” > In consequence, ‘a Commission appointed 
by the City Government, ‘and a detailed report: was made in 1876. — Certain of 


‘its “recommendations ‘were followed, especially as related. to the part of the 


4 


ioe: city south of the Charles River. The territory to the north did not participate 


oa Design. —Although the ‘total area ‘comprised within the theoretical drainage — 


system: amounted to about 58 ‘sq. ‘miles, it appeared feasible at the time to take 


of only approximately 20 sa. miles lying : near the ‘shore. 


axes he ‘plea ‘provided for the construction of intercepting sewers around the — 

east and west sides of the main portion. of the city, and along the north and 

4 south shores of South Boston,” also a sewer from the direction of Roxbury ae 

various: lines were led toa ‘pumping station ¥ where the sewage 

“raised and delivered through a tunnel under Dorchester Bay into reservoirs 
at Moon Island, whence it was discharged ix into the sea on the outgoing - tide.” 


The general layout of ‘this system is shown on, the accompanying map. 


interesting facts relative to the design of this system “were cited 
by Mr. Goodnough. 1 or example, the were designed ‘to flow half full, 
? 


general ly on a a slope of Lin 2 500. Only a pre- -determine "amount of flow 


enter the intercepting sewers, and remainder in time of 


overflow directly to tide water. to prevent the tide water from 
acking up in the sanitary sewers and other : safeguards were also enumerate 


—For the disposal of the sewage, comprehensive works were pro- 


vided which, Mr. Goodnough described in some detail. Looking | back, with 


ui "the advantage of modern development i in this field, it is of interest to note that, 


“The pumping and outfall, works have. been, changed but little since their 


construction nearly type of 
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December, 1929. ] 


present a capacity of 50 000 000 g n principle, the operation here 
‘The sewage accumulates in the reservoirs during the ‘time of the incoming 
“tide: and is discharged in the second and third hours of. the outgoing tide, ae 


* except possibly at times of very heavy storms, when the discharge is begun 
continues for a — period. 


4 "According to statistics q quoted by Mr. . Goodnough, t the > quantity: pumped, 
terms of average daily quantity, has increased more or. less gradually. ‘ In 


ange it amounted to about 34 000 000 gal. per agi in 1 1900, to about 75 000 000 
peak), to 124 0001 000 


In the construction of the Max’ Island. System the first and — 
sential step was taken in_ providing sewerage for the Boston Metropolitan: 
District. On the whole, the works have. operated very, satisfactorily lores 
the forty- five years that they | have been. in use. ‘No material changes have 


incre that a ‘considerably larger’ number of towns 
in this 1 District w would h ave to be added to the System than “hed oh ae 


been contemplated. a result a ‘State Commission appointed to make 


‘a study; its report in 1882 reinforced the recommendation made in the report 


mh 

Before action was taken upon report, “however, another Commission 


was appointed two J years later. As a rest ult of its studies, , age rding to Mr. 


‘a “Re ecommiended that a department | be created by the State to ae ger 


relating to water supply, drainage, and sewerage. ¥ recommendation was 


immediately adopted by the Legislature and an Act passed which followed | am “i 

closely the recommendations of the Commission. The enforcement of this Bee 

legislation was es in a the hands of the State Board of Health” | 


4 _tirely new § State rer came to have an important influence | on the choice | of a 
sewerage works for, the district north of the Charles River, It took several 
years for. its investigations ; and reported finally t o the ‘Tegislature in. 1889. 
Ts careful studies led to the rejection of the iheckods of treatment on “land 


commended, because of, “the impracticability of disposing of such 
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ir “As a result of its studies. State of Health the 

3 creation of a North Metropolitan sewerage system with an outlet into the sea 
near Deer Island Light and a Charles River system | to connect with the ex- 
isting main drainage system of the City of Boston. The report of the Board 
was accepted by the capers nda commission known as the yepnecesian 


Ro 


& 


ie 


Sin 


MAIN SEWERS IN THE BOSTON METROPOLITAN DISTRICT. 
General Plan-- —This system: became known as the North Metropolitan 


Ser - Sewerage System, ‘and the works were completed in 1894. The main | _ 


are shown on the accompanying, plan. As described by Mr. Goodnough, ~ 


“The “main line in general. the northerly bank of the Mystic River 


- eee Medford, Everett, and Chelsea to East Boston, where the sewage is 3 
peel about 15 ft. by pumping, whence it flows through East Boston and ~ 
. Winthrop, to a ‘second _pumping station at Deer Island, at — it is raised 
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main system by pumping at several locations: 


settling tanks for the removal of heavier ‘matters: before ‘they. are ad- 
mitted to ‘the sewers, W, Aside from this limited sedimentation process, the — : 
sewage receives no treatment before its final discharge except that afforded 
by coarse screens at the pumping stations ‘designed to prevent large objec 
from reaching the pumps.” wild, Steve 


ote, general, the system was planned | wt § a flow of 2295 gal. per capita per day. 


ska 


In some of the enmemaunities, the sewerage systems were on the « combined plan, 
fs) 


and for ‘these an additional allowance of about 40 gal. ; per capita ‘per day. was 
made. a At first, the sewage was discharged directly into the ocean about 1 900 


t. out $2) the eee Island shore, in a depth of about 30 ft. of water at low 

In 1915, however, an extension built about 300 ft. farther out; 


this. was provided with | a number of openings for the purpose of distributing oe 4 
the effluent over a larger area and ‘thus securing greater ‘dilution. 


9294 OF Rit) A 
Operation—The simplicity of ‘operation is thus described by Mr. 

a “The sewage is discharged as rapidly as it is received at the pumping 
station continuously at all stages. of the tide. On the incoming tide the | 
sewage flows toward the northerly part of the harbor and is traceable for a 
distance of 4 to 2 mile from the outlet. The area affected by the sewage, co 
far as bacterial analyses show, is usually about 300 acres, although the sleek 
is observable over a wider area. At the turn of the tide the sewage flows — 
directly to sea covering a.smaller area than on the incoming» tide, 
quickly dispersed in the water, as 
“The slight effect of this sewage ‘apon the - waters of the harbor and the © 
smaller area affected by it as compared with the discharge at Moon Island © 
is due no doubt in part to the depth at which the sewage is discharged and 


in part to the much greater velocity 0 of om current which passes Deer Island © 


Tn: spite of the very satisfactory operation of the North Metropolitan Sew- 
3 System, the inevitable growth. , forecasts the necessity—almost the 
B' mediate necessity—for a “further provision for the oolnpieoe and disposal 1 of | 
an 


Subsequent to the construction of ‘the Main Drainage 
"additions were made to the original Southern System. Among 


High- -Level Sewer. —A level sewer in. the Southern District was pro- 


as far back a as ,1875 With the growth of this section the Main Drainage 


Works became 1 more inadequate; in 1896 this system was taking 


f a q. miles or or, approximately, twice that for w which it was. designed. — Bois 


Asa result: Commission was directed to > prepare 


plans for a high- -level. one 
of 
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take from a large part of the and lead it to 


in tide water at :Peddocks Island. The. State Board of Health, to which | 


these plans were referred , approved them practically i in their ¢ entirety, and, 


“This pa was to receive the sewage from the. Charles River 
and Neponset River valleys, from the high lands of Dorchester and sa i 
Roxbury, and from the City of 


Starting at a level of about 31 ft. _ above low, water it reaches a level of 


— about 10 ft. above low water near ‘the shore, discharging through three main 
outlets of 5- ft., cast- -iron pipes, 1 500 ft. apart, near Nut Island (see the )map). 


Some of the sewage from the City of Boston is pumped up into this high- ‘ 


level. ‘sewer, while that from the City of Quincy is partly _intercepted by ifs 
gravity or partly pumped. Since ‘its completion, several additions to. this 


system have been made, notably that i in 1919, to serve the Towns of Needham, 7 


Wellesley, ete. “iy The camel area of. ‘the District is about 190 sq. miles. RY 
Disposal of “the, Sewage.—As Mr. -Goodnough describes the sewage treat- 


“The sewage of the South Metropolitan District is discharged continuously 
into | the sea as it reaches the outlet at all stages of the tide. No storage is | 


provided at any point and the sewage receives no treatment other than coarse 
_ sereening at the pumping stations and at the screen house at Nut Island. 
_ * * * No fouling of the shores has taken place in the neighborhood whe 
rad ‘the outlets, and there has been no complaint of objectionable conditions in the 
harbor traceable to the sewage discharged at this outlet. The district served 
by the South Metropolitan System is ‘largely suburban, although it contains i: 
ea several important industrial areas. Industrial wastes in the district, however, — 


have’! far’ been admitted to the sewers without 


South Districts have been in operation, Mr. Goodnough quoted the following 
f 


figures, i in terms of 


NortTH METROPOLITAN aval Sour Mernorourtan 
SEWERAGE ‘District. Sewerage Dis DisTRICT. 


i910} 100000 | 89 600000 141,000,000 
195 151 600 000 52 800 000 155 000 000 
150 700 000 900 000 


original design of the North Metropolitan 1 


a. System -geovtles? for about 135000000 gal. per day. and the South Metro- 


300 000 000: per. das y- The in tributary 
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costs of operation are also given, as follows win aw 


= 


Average: 1 cri $165 228 228. 65 ine 118. 60 


- 


are quite marke 


} 


| Assessments of | consequence of. the various cities 


towns: enjoying: the benefits of the comprehensive sewage works, the division — 
of costs becomes a rather complicated matter. Hence, or the North Metro 
politan District, three commissioners were by the Supreme J udicial | 
Court, whose report in J in 1891 concluded that, 


“There is no more and | ‘than apportion the pay- 
ments on account of the interest and sinking fund requirements of the loan, | 
which represents the first cost of the systems, with primary reference to the — 
total taxable valuations of the several cities and towns; and the payments on 
account of the cost of maintenance and operation, with primary reference to — 


iations from apportionments were provided, for cases of extreme 
conditions. In these determinations, the ‘valuations of May 1890, and the 


population according to the National census of that year were ted as the’ 


é 
Le So satisfactory was ‘this 1 that it continued in operation 
% change was made by a legislative e act jn 1906; this, stated Mr. Goodnough 


eo uture division of costs should be ‘made by the then Metropolitan Water _ 

& ‘and Sewerage Board by dividing the cost of payments for interest and sinking _ 
: fund among the cities and towns upon the basis of their respective valuations 
and the cost of maintenance and operation upon the ratio of the respective — 
-populatio ms of the several towns the total. This method 
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Bin, en other cities : silk towns are admitted to the existing districts. their 
ssessments are computed in the same manner as the others, but upon the 
admission of city or town to a metropolitan sewerage district the muni- 


share ‘of the sinking fund ‘in the ratio of its ‘valuation to ‘the 
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THE PRESENT 


BOSTON MAIN DRAINAGE 
NORTH AND SOUTH 


SEWERAGE DISTRICTS 


| 


J 


POPULATION STATISTICS OF SEWERAGE DISTRICTS: ABOUT ‘Boston. 


Giving: a bird’s-eye view of the extent of all this work, Mr. /Goodnough 

at the present time 32 cities and towns having an aggregate area, including | 
parks and other public and quasi-public reservations, of 304 sq. miles. Of this — 
44 sq. miles are comprised within the limits of the City of Boston, and the | 

remaining 260 sq. . miles include the 31 | cities and towns in the ‘Metropolitan — 
Dis' ri ide the cit 
“Compared with the population ago construction of the 
Bidston Main Drainage System was ‘first. begun, the population of the City 
of Boston has increased about 230%, while that of the Metropolitan: District 
outside the limits. of Boston has increased nearly 400 cent.’ ih 


to present conditions and future prospects, he stated. that fh 

“Oy “The experience of half a century of the operation of the Boston Main 


Drainage Sysiem has shown it to be admirably adapted to the purpose which 
‘it was designed to. serve and te testifies to the thoroughness. with which the 
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their problem by’ he ‘to whom the work was ‘committed The 
on the ® construction of the works was a training school for engineers and supplied — 
practical experience on which the design of the later works was largely based. 
It still serves adequately the population in the area which it was ultimately 
designed to serve and no changes of consequence have been required since its” 
N and South Metropolitan Systems have also served equally well 
the pt purpose for which they were designed and little change has been required 
in either of them. * * * Industrial wastes have not affected materially — 
the sewerage systems ‘except that gasoline has been excluded from the sewers 
on account of the danger of the creation of explosive mixtures. OE § 
ig “With the approach of the end of —_ period for which the North Metro-— 
politan System the Charles Neponset Sections of the South 
Metropolitan System \ were designed to serve, it is probable that some additional — ‘ae 
rovision will have to be made for the collection and removal of the sewage —> 
from parts at least of those areas; and, in fact, the Legislature has already _ 
ordered | an investigation of the various | sewer outlets and the effect of me 
sew upon Boston’ ‘Harbor to determine what changes or enlargements, if 
any, may be necessary in the existing s systems. This investigation is now in 
will be found desirable in the present method of sewage disposal in this 
Metropolitan: Area. Whatever process of treatment, if any, may be selected _ 
or - whatever change may be made in the points of ‘discharge of the sewage, the De ; 
District will be fortunate if the results prove to be as satisfactory as the 
methods adopted by the engineers who designed the Boston Main Drainage 
and the Metropolitan Sewerage Systems thirty years and more ago.” 


N 


POPULATIO 


ri 


- “At the present time it is utterly impossible, in the State of New Jersey to 
form districts. Consequently some of the sewerage plans and water supply 
ie plans cannot be constructed for the benefit of all when they require the volun- 
tary action of the towns both as to the size of the sewer, capacity, etc. » that 
3 _ they feel constrained to pay for. | i You can readily understand how difficult it 
4 is to get eleven or thirteen towns (as i is the case in one project) together and 
them make a common decision. Furthermore, the laws are such that 
we do not get the co-operation as freely as we might. All of the projects mS 
except one, I think, are done by the voluntary act of the towns together. Even 
at the present time some towns have greater capacity than ‘others, and t 
- dispose of that capacity through their towns it has to be by ‘consent of the 
other municipalities. If that can be solved the question. of these public i im 


r provements can be solved i in New J ersey as well as in other States.” ea Fee i 


‘ater Suppl ly Some discussion from the floor was directed to the 


on water supply. Replying to a question by Kenneth ‘Allen, M. rst 
E., ‘Mr. Winsor explained that the tunnel from the Swift River 


- Reservoirs. It is fixed by the line from the surface of the water at the Ware 


Chapter 29 of the of 1929 


2517 
3 
| 
| 
| 
— 
20000 
— 
| 
— 
“a 
ough — 
— 
‘a 
elude — 
this 
the lm 
— 
— 
7 the 
City 
fain the hydraulic line between the Swift River and the Wachusett 
— 
hich 


was to. pa good solid rock. ~The change in gradients was 

2. 5 to miles ‘adjacent: to the Wachusett Reservoir. Paul N. -Tvancich, 
Am. Soc. OC. E., called attention to certain legal problems sometimes 
ES on highway construction in locating a route through graveyards, 
Similar problems, according to Mr. W Wi insor, are being taken care of: on the 


[Boston Water Supply project at the cost ‘of about » 
was r raised ‘thin Barstow, M. Am. Soe. C. E, as 


original legislation in 1885 the District 
of thirteen cities and towns, provided that any other city or town within ten 
miles of the State House might come in at any time they desired. When 
‘this legislation was passed all these cities and towns had some water ‘supply, 
a but many of them were on the ‘ragged edge’ and had to have more right 
# A away. Those that had were put in the act as constituting the Metropolitan 
Water Supply Area; but before the water became available T think there were 
thirteen cities and towns in the Metropolitan District, and within the last | 
few years two or more have come in, making fifteen. 


bets “According to Mr. Keniston, the original act required certain cities and 
tov to be put into ‘different systems, but I think it was more or less Se gl 
ie tary on the part of most of the municipalities; perhaps some were forced to 
go in. Since that time additions have been made from time to time by special 
ac and I think that in most cases it was largely upon the request of the 
municipality itself by filing a bill in the Legislature and getting it enacted. 
_ There is a general provision by which cities and towns can join the Metro 


Transportation.— —In discussing» the ‘transportation problems, 


Wendt, M. Am. Soe. brought ‘out >that. the depreciation r reserve, 


tioned by Mr. Dana, , may be either a depreciation fund or simply a ‘depre- 
oe ciation allowance. He stated his understanding that Mr. Dana’s reference ie: 


ante 


op “Was merely a bookkeeping allowance in order that the car rider may pay 
a sufficient amount to preserve the property in good operating condition and 
not, j in fact, a real genuine depreciation reserve represented by a fund i in bank.” 
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istrict The chief justification of any of a a ‘capital 
in ten r. Comey, “lies i in the inspiration and guidance which the 


nial city may exert through its on within the State.” 


4 well-planned, has: q 


the same way, but on 
a smaller seale, State. capitals may reign 1 within. ‘the of State 


7 


“The largest of all our which the presence of the “Capitol is 


but. an incident—the one large Capitol Building, the crowning jewel of an archi- 
of the te tural ti tion of the city, to b but oth cr 
acted. ctural composition in one portion o e city, o be sure, bi ut otherwise — 
exercising practically no effect upon the city plan. 
_ “Boston’s plan and Boston’s effect upon the surrounding region are due 
to its size, to its being the commercial center of this region, to its being a 
seaport, and to the industrial, educational, and ‘other activities that have PnP 


scat Background. urthermore, Boston i in its has 


largely, governed by the historical nature of its layout, 
“Never planned in any large degree, it has grown steadily 
| Sememtacilia Century Colonial village and carries in its layout many visible 
evidences of each successive era in its practically three hundred years of life.” 
illustrate. this Mr. Comey described the adjustments made on 
_ Many of tt the narrow, crooked streets still remain, _also 


7 “many architectural ‘gems, both. public and private.” As. the sur- 


rounding -mud- flats were filled, however, the peninsula “lost distinctive 
hape, re 
ese new w developments w were laid out on the rectangular checker-board system. 


Then, too, , outlying districts were added from ti me to time and Smipteseed ; 


their own layouts: on n the general plan. %: This resulted i in many inconsistencies, 


especially. on ‘through: streets, , where, example, a a Wash- 
: z= Street may be ‘intermittently | 0 or 100 ft. wide , Ww out logic as to 


. As a result of these ‘and other mnisfits, Mr. Comey describes the outlying 


sections as “for the most unrelated fragments, narrow 
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_were widened to good advantage. 


Commissions of the great constructive 


years has been the development of a park system, as 

ty further effective influence has been the | establishment 

of a “Board « of Survey”, which has attempted to unify the general scheme — 
of wider streets. effort to invoke. ‘the police power to. establish this 


Various" to widen streets have successful, no tably that 


following the fire of 1872. In facet, Mr. Comey stated, 


number, of years ago that $40 000 000 had then 

spent on ‘widening ‘and straightening, but ‘not all of Boston’s streets are wide | 
_or straight yet.’ At first, these improvements were successive, isolated projects. i 

Several streets have been widened two or even three times, while other pro- 


posals have languished for “many years before being carried out.” “aig 


inally, i in 19 1914, a a permanent official Planning Bc Board was established With 


successfully launched a _ general | zoning» scheme in 1924 and since 
ij 

then has accumulated data, and, with the aid of a special staff, is now about to 


Development.—Boston’ s drainage problems have also exercised a 
pronounced influence on its city: plan. At first, this was apparent mainly in 
location of the few bridges whi ‘which governed transportation, 
vt 
bilities in the mud-flats and marshes were not appreciated ; in fact, 3 ig 
_ “The street system and the city as a whole turned their backs to the water, : 
leaving it to the poorest, most casual development, or none; but recently : all 


and _Neponset Rivers. Thus, series 0 


to other important problems, according to Mr. Comey, 


eat “From the beginning, Boston’s ‘docks and wharves gave a special character 3 


to the city as a port, but it is only in the past fifty years that any general | 


scheme of port development has been pursued. To-day, most of the water- 
front not devoted to recreation is developed or slated for development. for 


Further growth is assured by ‘the filling projects. that been carried 
ut. of the most recent and direct t advantages: of ‘this development has 


t een the “location of of Boston’ news est. transportation, "ageney—the principal 
-airport—advantageously close to the of the ish in East. Boston.” 
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PLANNING ‘DIVISION 


GENERAL AERIAL VIEW OF Boston» West, SHOWING HARBOR, BUSINESS DISTRICT, 


a 


pate. 


gar 


u 
de 


d not lend i self happi y to surface elec- 


: 1898 1 the was built, since which time all surface 
cars have been removed from the center of the city, ‘and rapid” transit area ‘ 
constructed to tap all thei inner Suburban areas.” alder 


Recreation Features. Sanitary construction, however, as for sewerage and 


upply, had almost no effect within the city ‘proper. Outside, as in ‘the | 
Middlesex Fells Reservation, water er supply blended naturally with the park 


“Aqueduets have been andthe, land often left in private 
hands, although one or two of the newest constitute unused opportunities a 
through walking routes, extending many miles into the country. 
“bing “As distinguished from circulatory services, whether of people or of goods, 
land uses in Boston, really the end product of a city plan, : may be divided into _ 
“two main classes, public and private, and the former, in so far as they pol 
‘important in the city plan, may be. divided into ‘recreational service and ad- 
"ministrative service. Boston led the way in ‘a connected series of parks, form- ay 
ing a real system and later two interconnected systems, an inner city system i . 
pe an outer metropolitan system. — Most of these were planned before the 
den. of automobiles when the present service to ‘et ag rendered by the park 
was unforeseen. The parks themselves have continued to increase in 
p his Pi for recreation, although the outlying ones are still to- -day ‘in larg 
degree what their generic name strictly ‘means, | ‘reservations’ for the future e 
= of a population that may either need them more or F appreciate them more.” 


_ Recreational features have n 


also. heen 1 suppli 


often adjacent to school buildings, playgrounds i in general 
‘ pendent of the ‘school system. ” Se ol buildings i in themselves have been | made 


monumental features in the architectural scheme for the city, This” 
a is also true of administrative buildin, 


standing example. The continuous domination of this featute has been: made 


possible by insuring the present view for years to come the 


air rights ir in the district adjacent to the Capitol. to ail good ead 
4 —As early as 1904, Boston anticipated the zoning aw m movement by 


instituting control ¢ over the height of buildings. ~The maximum at ‘that 


; he city. The upper height limit was raised to 155 ft. in 1923, with the wie 4 


A year later the district was still further expanded into half a 
more divisions, with heights varying f from 85. to 155 ft The» latest develop- 


ment is that by which a change has been made in “the maximum height limit 


to permit taller buildings within a pyramid- shaped prism starting ft. 
shove the ground, provided their volume did not exceed that per- 


In all, thirty-nine are comprised within the City of Boston 
and its suburbs, and this condition has not lent itself to unified development 


Each municipality has worked out its own salvation, often with no regar 


‘Thus, radial 
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re § integral part of a metropolis. 


highways: are numerous, although harrow, while cross-town or 
ae highways are either lacking or imperfect, , with numerous missing 
number of years ago those services most: imperatively demanding 


80. eated under ‘metropolitan ¢ commissions.’ pre od 


‘ ider: ble unifica ion hed boon obtained i in both the sewerage and water 


State Authority. —“Owing to the phipondendhing: importance | of Boston and 


the district i in the State,” explained Mr. Comey, ‘ ‘another factor in its develop- 


ment is still 5 very ery much in evidence, namely, the State Government itself. * ot 


After years of piecemeal work ? Division of Metropolitan Planning. was 
set up, which now advises the Legislature on various large’ thoroughfare and 

transit projects | for immediate relief both inside the City of Boston ‘and else-_ 


where. It is also p preparing a comprehensive metropolitan thoroughfare and > 
transit plan, both as a guide for the Legislature and for guidance to individual : 
communities. In 1929 another agency stepped into the field, the State Depart- 
ment of Public Works, with a: plan for a radial highway northeast from the 
East Boston Tunnel, which is ~ commence through Bast 


except in Boston it hes resulted in 


confusion and expenditure of human energy in getting anything done. — Again, 
one yet charged with the duty of preparing a comprehensive 


Planning — “dt “many Mr. ‘Comey 


gee dood ovad ebmaog bag 


is “Probably the most effective way to get ahead will be to charge the Division 
eye of Metropolitan Planning with the duty of preparing and keeping up to date 


a comprehensive metropolitan regional plan and of constantly presenting this 


“ing a plan before the Legislature and to local planning agencies. It would naturally 
confine itself to problems affecting more than one municipality and stimulate 
the local planning boards to develop and promote compr ehensive city and tov mn 


plans for their respective areas. % Boston’ s progress in developing according to 


plan has been great. Its. opportunity for further similar progress to meet | 


eurrent urban needs is even LCL an 

net 


ny PROBLEMS IN RELATION TO THE PLAN OF ae 


aq ‘By Ropert Warren, * Esq 


“odPeaiie: Courts.—In traveling from the North Shore to the South Shore i 


5 -. is natural to go through the center of Boston. There is no convenient by- pass — 


to take traffic around the ity. That was one of the planning problems 


described by Mr. Whitten. | Another problem allied with it, was to enlarge the 


capacity | of existing city streets. pea In order to plan new traffic arteries it was 


necessary ‘to know “where the traffic ¥ was coming from, where it would go, how 
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could be expected to ‘stated Mr. Whitten: 


We ‘undertook the problem of determining the amount of traffic moving 
daily between each of 69 traffic « districts within the Metropolitan Area. - More 
188 000 ‘drivers 1 were questioned as ‘to where they came and where 
they were going; and, as a result of the tabulation and analysis of that | 
questionnaire, we were able to work out a formula which, with certain adjust- 
ments and modifications, could be applied to supplement the direct knowledge % 
that we gained from our questionnaire. We determined the daily traffic 
_hetween 2 873 pairs: of districts, that is, the total combinations amounted to i ie 
mber. We found that the traffic betw een these pairs nthe. varied 


increase in same ratio as the increase in the 
estimated that by 1960 there would be a doubling of traffic throughout 
. the Metropolitan District. | That i is not a very great increase, because we have ; 
seen traffic increase five or ten times in the last fifteen or twenty years; but a 
doubling of the already existing congestion is quite a serious problem and 


really inyolves different sort of highway planning» from that. to which we 
have been accustomed i in the past. t.” TO, « 
Express” Highways—To | abreast of traffic requirements by simply 


widening one street after another was too impractical and costly, i in the op inion 7 
of Mr. W hitten. The construction of express roads was » recommended as the 


best way y to ‘cope with the increasing seriousness of the traffic problem. Lyrae 
The result of the traffic survey was given by Mr. Whitten as follows : 


The motor vehicles i in the thirty- -nine cities and towns in the Metropolitan — 
“District,” ‘including Boston, pro roduced a mileage per day in n 1927 of 4952 000 
-vehicle- miles, or a yearly total of 1800000000. The unit. price of 10 cents — 
per mile is a fair estimate of the cost of motor vehicle transportation when — 
“all kinds of cars ‘are included | as well as those who use a car a great deal and ite 
those who. get only a small mileage out of it. At 10 cents 3 per mile, the total is 
$492 000 per day or $180 000 000 Bae year? a6 so that that i is ; the amount that the 
- people of the “Metropolitan District are spending on motor vehicle transporta- 

tion. It is clear that any expenditure that will materially improve transpor- eee 


tation facilities for the users of motor vehicles, can be economically justified.” ee 


There are other factors to be considered, , however, before an express highway 


“can. be economically justified . One of the “most important of these, - accordin 


to Mr. Whitten, was the problem of preventing injury to to residential ibaa 


by making extra expenditures i in the interest 


bo JA thought in connection with: elevated streets, was given expression in a 
é written. discussion presented t to the Division by Mr. . Kasson. His idea was | to 


pedestrians from automobiles by constructing elevated 
an outline of the fundamental requisites for the plan of the future g 
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a j 
a The minimum ‘exhaust gas with its” dangerous, carbon 

—Underground high-speed radial and belt. ‘electric with» 
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THE INFLUENCE OF CAPITAL CITIES. ON OTHER CITIES 

he continued; mae ‘belies’ it ‘Yemain ‘an’ world 

on "provided we manage to deal more directly than we do now with certain of the 


“4 ae nds and aims of life r rather than with the means of life ; : and in our cities the ¢ 


= 
a te to do with the dignity, the glory, and the beauty and satisfaction of life is — 
involved in such questions, which might to as the emotional 


and which could readily be illustrated. 
“Centralization.—There is another problem of how f far we can bring 


together’ public buildings and administrative groups, without getting into new 


a dangers and difficulties involved in centralization. The problem of decentral- 
ization, I notice, is quite different than it was a few years ago. The Boston © 


Ne that is being discussed is not really the City of Boston, but the Metropolitan — 


2De 


“Comparison with European Capitals.— —As to the que 


be and guidance which a capital city may have, it is very constructive to 


« 


bal _ James Bryce, in ‘his ‘American Commonwealth’ ‘says that the United States is 


also by its size, wealth, and character of its population, the head and center © 
Fe of the country, the leading city of commerce and industry, a reservoir of 
: financial resources, a favored residence of the great and powerful, a favored 


¥. 


a, - most potent and widely read journals are published, and where men of literary 


acity ar drawn’.’ 


any - other American city. Mr. Nolen stated that it ‘compared favorably, i in this — 


- respect, as least with such secondary ‘European capitals as Dresden, Budapest, 


Versailles, Brussels, Prague, Stockholm, Zurich, or Geneva. If it had not 


been a a capital city, under the influence of State initiative in providing large ’ 


metropolitan improvement, the history of Boston as regards city planning 


Oity planning, with a ‘State capital | as its laboratory ‘and the resources of 


City Cambrid 


question of public buildings, grouping of public buildings, and all that 


Area. There i is not much possibility i in ‘discussing Boston i in its strict political 
stion of the inspira- 

~ Jook at Washington i in studying the problems of our State capitals. - The Hon. : 


only great. country in the world which has no capital, and he says, ‘By a 
capital I mean a city which is not only the seat of political government but | 


Be spot in which the chiefs of the learned professions are to be found, where the ; 


Boston comes closer to fulfilling this. definition of a capital ‘hen 


‘the State as its support, could develop | constructive theories on — safety, 
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health, convenience, art, prosperity, The capital city 

would then serve as an example to other cities. In some respects, ‘Washington — 


Desire a Better his discussion ‘Mr. Nolen 


as a sab and a pioneer in 


regional it has made a creditable showing. Like all American, 
cities, it has. great needs and larger possibilities; _perhaps its greatest need i is 


the striking thing in Chicago. You see them working hand i in he, official oe 
and unofficial citizens’ movements to get things done, the working out of com- 


prehensive regional plans and their orderly execution. 
cs eNO only . can one American city profit from seeing the progress of another, 

but all can gain by a study of the planning projects in Europe. — As a “matter 

of fact, the most ambitious proposals for American cities in many ways do 

not equal the actual achievements of old-world cities. In Europe, especially 

on the Continent, there is better provision for city life, for business, for — 
health, and for pleasure. _ Consider, for example, the lake cities of Switzerland, — - 
such as Zurich, Lucerne, and Geneva. Go about in their public places. eo c 
without exception we shall find orderly development. of water frontages for 
public use, a rational street system, and relative freedom from nuisance, regu- 
lation of wires and Tailroads, and careful public planning, as well as _. 
abundance of recreational areas, public gardens of all sorts, practical sites 
for public buildings, art galleries, museums, comfortable and sanitary housing — 
in many instances, and all that pertains to a consideration of future needs. a 
“One of the _members of the faculty of Harvard said years ago 
re of Boston can have as fine a city as they want, providing they want 
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it badly enough to be willing to pay for it. _ Nothing as good as a fine ay 
is to be had for nothing. If the people of Boston. decide they have not. time | ¥ 
to make their city what they would like to have it be, it will mean that they _ 
have other things they would rather do with their time than i improving their a 
ay _ If they decide that tay have not the time or energy to make their city 


phich they rather give their energy and 19% 
+ 


a State Pride. —The people should have the same sense of pride and loyalty 


toward the capital of their State | as they have for the capital of the ‘Nation. 


Unfortunately, this. is not the case except in a few cases, according to 


“Instead of that there is a sense of envy and pettiness, generally speaking, ¢ 
in, the people of the State toward their State capital. There is not only no 

affection, but there is no good sense and no loyalty. There are a few excep- _ 
“tions. “In the State of Wisconsin the City of Madison is an exception, and 
there are others, especially where the State universities are located, “where 
_ they are centers of culture and education as well as centers of government.” it 


QITY PLANNING EDUCATION FOR THE 
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by Synthesis Out his Profesor “Hubbard 


-deseribed present practice in designing college courses in city planning. This, 


he declared, was not offered a as a final statement of what the eget (1 
be, but of what they are at present. To quote him directly : it tie 
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must be enough public demand for knowledge and skill in any field, so that 
an may earn a reasonable : living in it, before many people will spend | time ne 
nd money in preparing themselves professionally ‘in that field. 
~~ “Up to recent times, the development of new professions and the attendant 
2 teaching has been similar in each case. The new profession has been some- 
- thing split out from a previous broader peolegsion.” In the old days one man 
might b be architect, engineer, sculptor, painter. Later it was all a man could 
do to master engineering. Then, as this field widened and detailed knowledge 


increased, we had civil engineers, mechanical engineers, electrical engineers, 


— “But city planning is different in this’ regard. about not by 
division but by collection. It is the result of thie? than of 
The city planner must be intelligent in the fields of engineering, aobiteatire, 
_ landscape architecture, law, government, and many others. Plainly, he can- | 
.- know more than one of these subjects as a practitioner | can know it = 
spends his life on that alone. can! claim to know 


What City 


that, “city, planning is» ‘the 


of the will of the community as to how it means to ‘use the physical areas — 
whieh it controls.” In other words: 
When a a community wakes up to the fact that it is one single big business, 
that it cannot plan intelligently about its: streets alone or its buildings alone, — 
or its sewers alone, or its parks alone, but must consider all these and many 
other things before it can reasonably decide about any one of them, then i 
knows that it wants city planning, 
“What then is the city planner? He is not an inspired prophet, to whom 
visdom as to cities has been revealed. “n Rather he is the trained recorder 
of the decision of a big committee—the man who can understand how all the ; 
requirements of the community may fit together to make one workable scheme, _ 
and who has the technique to record the decision, in words or on plans, so — 
that the scheme may be worked out, “consistently but flexibly, by those who | 


“Lhe: Evolution of. City Planning. —Here it should. be noted’ “that ‘one of 
the essential requirements is the appearance of the result. The planner must 
an artist. His profession is a fine art. 4 
< “Now it has come about very naturally, with the growth of the den mand 4 

for this sort | of service, that almost all the so-called city planners have been | 
first something else. They were, and are, mostly engineers, architects, land- 
seape architects, and so on, trained to co-operate, trained to think broadly in 

~ the larger field of city planning. The reason that so many city planners have 

sary come from the small profession of landscape architecture is, I believe, that 

the demand found them among the few who were already skilled in » designing * 

ia outdoor areas for use, and at the same time for beauty, and in their work 

- with park systems and land subdivisions they had already been thinking in 

_ city planning terms. But this does not ‘mean that, therefore, city planning 

is a part of landscape architecture, nor is it a part of engineering or of archi- 

tecture. These professions have a heavy share in city planning because they 

are the plan-making professions, but city planning is broader than they, and 

is the result of their co-operation with ie another and with “many other pro- 


y Planning —For some time past various ‘schools: of architec: 


ing, with ‘the purpose of opening ‘the eyes: to this op 
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portant for with ‘their own 


in City at the end of a 33- “year course 


The purpose of such a ‘comprehensive course should be threefold: First, 


to train a few men to be professional city planners ; to train many 
men of different professions to be efficient co- operators in city planning; and, 


third, to encourage research along city planning lines on subjects that the he 


rdinary | practitioner has not the necessary time to Wu: 
Three principles’ ‘were recommended by Professor Hubbard as | guides 
‘conducting research in in city planning. his own 
_ “In conducting | research, the school, after seeking advice from 1 those who 
have the most intimate acquaintance with each subject considered, should 
assure itself (1) that further | knowledge (or accessibility ‘of knowledge) . 
this subject would be of real use in city planning; (2) that the benefit of the 
_ knowledge obtained would be commensurate with the expense of the research; te 
and (3) that sufficient publicity and accessibility be given the resu ults 80. that 
“Engineers as a class are often rebuked for not being able to 


selv yes in good English. ‘This is an especially important subject for students 


a in city planning, in the opinion of Professor Hubbard. 


An outline four-year course was ‘Biv ven 
th first ye lecture courses 


on the theory of in city history ‘mediaeval, renaissance 


modern art, and principles of landscape architecture e; principles of arehi- 


ie tecture; topographical surveying; drafting- room course on principles of | con- 


"struction, ete. ; horticulture; and a course on ‘the historical, develop - 


ts For ‘the ‘second year—frechand ; advanced. construction drawing; 
municipal. construction ; municipal planning design ; social aspects of town 
planning; ad advanced lecture course by active practitioners; and a drafting- 


‘Toom ¢ course in city y planning design, 


Fol r the third year—modeling; materials. and methods of construction, 
ith weekly inspection trips; lectures on professional practice aiid contracts 


and specifications; 3 municipal government ; and municipal administration. 
the fourth year—advanced | city” planning design and ‘thesis, 
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Officers. —There are ‘different concepts ‘as to 


me eaning planner; that the polit 
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ge measure the of. the inclined to 
4 ook upon 1 city planning and the city planner with feelings of mingled 
and suspicion 1; fear_in. the first place that the city planner, i in his zeal 
and enthusiasm for certain ideas, will disregard entirely the economic aspects 


of the case and that he will undertake 16) teepote upon the public a ‘greater 


of the expert technician and ieee of certain improvements, the elected | 
_ representative feels that there lurks ‘somewhere i in the background some sinister 
or unworthy motive which is being put forward and clothed i in ‘the robes | of 
virtue by this plausible sounding expert who presents the case before the 
d 


ee “That is entirely natural; it should be expected and should be recognize 

by every man who ‘undertakes to develop and introduce municipal and public 
improvements in comprehensive form , because the elected representative of 
the people is constantly subjected to continuous pressure from various sources 
for his support for various schemes and improvements. If he were to give ear | 
- to even a small percentage of the total he would very shortly exhaust : the | 
financial possibilities of the political entity which he represents. Therefore, 

he must necessarily scrutinize with great care and even with suspicion | the 

-proposa s which are put e ore m. 


Paying for Future Benefits— —This viewpoint ‘should be -Tecognized 


attempting to educate public officials, Furthermore, the city planner m 


to answer some ‘perfectly natural questions ‘that arise, one of 


happen fifty or one hundred years hence or to expend, out of my ‘savings, 


money the ultimate benefit of those who will live. subsequent 


7 


‘The “answer to” this question must be kept in mind. To quote 


_ “Why should I of this generation concern myself with what is going to : 


“Tn these forward-looking movements we ought to more in 
| about the future of the scheme and more in detail about its eeneraiien 


phases and its particular benefits they apply to. the present period. 
om think to approach » the problem in that way will more likely produce results — 
_ than to elaborate on the glories of the time to come when some of our suc- 
oa " cessors will enjoy great benefits because we have contributed from our current — 


income for this very desirable improvement. ss 


__ “Furthermore, I think there is a a general appreciation on the part of all — 
‘citizens that ‘even though we might, in our ‘present wisdom and judgment, — 
provide a very the benefit of some future generation, 

we cannot commit them to that plan, and that when the time arrives for them © 


_to carry on the development of the plan they will very likely prefer | to exercise — 
their own judgment, whether i it be superior or whether they merely think it is 
2 _ Superior to ours. In any event, that is a difficulty that must be considered in 


f ansideration, 1 For 
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comprehensive forward-looking scheme, the major benefits of which are going 
to inure to some future generation of citizens; and that is a real obstacle. 
at) ie ie very difficult to sell that idea to the taxpayer who is already seriously 9 
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you come to suggest 
community, you get into a great many very practical a enltien Tn the first 
place, people become accustomed to their surroundings, which gather a certain 
‘sentimental value; ‘they attach significance to the fact tha some 
reputable structure that they have looked at all their lives has become an old > 
familiar friend, and they dislike to see itgo, 
“They have accustomed themselves to certain movements methods’ ‘that 


have become » second nature, and it means more or less of a disruption i in their — a! 
a ordinary means of life and locomotion if those are changed. _ There you have a % 
what might be called a public inertia to overcome, to present a sufficiently 
attractive picture as far as the improvement is concerned, to stimulate their — 
it and panes perfectly natural inertia 


Rights. —Pr obably the greatest stumbling ‘the 
city planner encounters in his to introduce ideas into 
municipalities and communities is that which is introduced by the volunteer 
expert. That is a peculiar thing. If a private enterprise were to hire you i 
3 or me to advise it respecting a technical matter with which it felt it was not 
qualified to deal, the chances are very ‘good that it would follow in the main 
a if our advice so far as it felt sopenlo of doing it and so far as it did not exceed : 


That, however, is not so when one is ‘dealing with the ‘public, in the opinion 


of | Colonel Gow. Each it individual then reserves the right to become an expert = 
4 in his” own name and, therefore, when a well developed program is presented 


before some public tribunal, the sovereign right of the great American citizen 


comes into 


“He reserves the right to rise upon the floor and to pick your suggestion to is 
_ pieces and to point out in his i ignorance where it is all wrong. And the public | eee 
- mind is so constituted that it is very easily confused. It has great difficulty ie = 
in discriminating between the qualified expert whose experience and training» 


ing 
5 Band judgment have warranted placing considerable reliance on his views, as_— 


distinguished from the irresponsible, self- appointed expert ‘merely injects 
te” _ himself into the picture because he feels, even without any training or experi- _ on 
ty ence, that he can see this thing so much more clearly than you, that your Lak % 
os ‘Proposition looks ridiculous to 


ate a ‘I have noticed on innumerable occasions how very meritorious proposals 


are sacrificed before our legislative bodies because of that fact and because of 


- the confusion which results in the minds of the responsible representatives - 


: are unable to discriminate between the ‘several responsibilities of the indi- 


p by I counteract this influence, Colonel Gow 


t has been chosen to deal with 


attack 


most drastic ‘measures. The only remedy is for r city Pring to come to aaah, 
_other’s assistance when they are at attacked by irresponsible inexperienced 
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that al 
em | example, if a qualified exper certain public 
rsons interested in the success of that problem cannot afford to 


“gat Speaking of changes, Colonel Gow stated tha 


“a “There i is another factor in human character that has to be dealt with, h, and : 
is the fact that 1 ‘no general public improvement. can usually be be ‘brought 
} o fruition without sacrificing in s some measure the property rights. of a 
_ viduals; and there is a large element of. sympathy in the community toward 

men who would be deprived of any rightful use of their property or apprecia- — a 

tion in its. value. That is not because the people are interested i in that indi- J 
vidual’s welfare so much as it is that they see the extension 
principle will ‘mean eventually that they are going to ‘to ‘be a al mong 


‘themse 


x . One phase of the subject upon which city planners might well concentrate: 
considerable is highway w hich may be classed as an abso- 


Jaye 

he ture —In the summary of his paper, Colonel Gow stated: Ba 


‘ 


‘such as this, which has’ been crystallizing rapidly i in ‘the last 
“few years, for the recognition of city planning as an independent art of | 
engineering, is to be credited with a great deal of progress. It is not to be | 
expected that in the brief period which has elapsed since this’ movement _ 
started, very marked ‘progress should have been made. The fact is that we 
a ‘are more and more coming to realize it as a legitimate and necessary activity, 4 
and as time goes on * * * it is going to be possible for city planners in 
i zeneral to concentrate more and more upon the needs of our several com- 7 


“T look forward to the time when can go ‘before the various 
publie bodies with full backing of their professional associates and create the 4 


impression of knowledge and general understanding of the problem from both — 


the technical and from public standpoint, which i is dem anded 


; 


INTERESTING PUBLIC OFFICIALS IN CITY PLANNING 


Methods: of Progress——The importance of the subject assigned to Colonel 


was stressed by Professor Lohmann in a “written discussion read by 


Harold M, Lewis, M. Am. Soc. Quoting verbatim: 


“When properly: enlightened, the pari much more easily dermaded 
to favor a high standard of improvements. , Arousing the interest of the 
> community and educating the public are accomplished i in many ways. _Impor- 
tant is the experience of. cities, such as Chicago, where large programs have 
been sponsored by ‘the general public as a result of being educated to the 
planning needs of the city. _ No less important is the work in the elementary, * 
- secondary, and higher centers of learning where the educational work in city - 
planning has taken the form of prizes for essays that treat of city planning ; 
subjects; of ‘eivie books for the schools, as in Dallas, dealing especially with 
‘the city planning proposals and accomplishments for the City of Dallas; or of - 
planning in our colleges and universities. Like-_ 
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of our ‘country in 
he opportunity of membership on plan committees indirectly 
a valuable form of education for many persons. Excursions of public officials 
to other cities to inspect city planning accomplishments of interest have been 


such ‘pilgrimages. Newspapers, magazines, moving pictures, and radios, 
indeed, all have played a part, and still may be used in a city planning direction ; 


_ to further the education of both public officials and the public.” Fe ae Renae 
Professor” Lohmann warned against creating: the impression that city 
planning i isa “hashed” ' profession, or one that is’ “docked, lopped, or truncated.” 


should be considered an aggregate profession, with many 


& 


- which she should be ‘ ‘integrated into a single important structure.” 


ae Undergraduate Courses. —Turning t then to the subject. of Pro essor Hub- 
bare? 8 paper, he s stated the relative value of post- -graduate and under- graduate 


of city planning. To quote briefly 


“The: advantage of graduate school work in city is that it compels 
fouitidational preparation which is highly valuable for any one who is electin 
a specialty of this kind. Moreover, it lends itself more conveniently to the 
pursuit of research activities which are so impor 
of the training in city planning. _ However, we need not infer from ‘his that ; 
fa courses in the subject of city planning should necessarily 
_ be barred. Undergraduate courses at least bring the training within the reach 
- of those who for financial reasons might be obliged to forego ae 2 
ae 
Where ‘options in planning are offered under such courses as. civil 
engineering or landscape architecture and architecture, caution should be 
exercised that the curricula do not become one-sided. _ Although a foundational i, 
: preparation - in one of the several subjects contributing to city planning is 
_ much to be desired for any one specializing in city planning, yet every care 
must be taken not to ‘neglect fair and pee: consideration * the other con- 

city planners, landscape architectural city and so forth 
As time goes on, however, it is reasonable to suppose that a better definition 
ee limits of city planning, or at least a more general agreement and under- 
standing as to its sphere, will lead to placing it on legs of its own as a separate 

brother « and sister lines of work.” , 
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STRUCTURAL D 


was awaiting the opening of this meeting. ~The first paper covered quite com- 


Sak 
design and construction of the Lake Champlain 


The growth of motor traffic i in the United States has resulted in the con- 


truction of numerous toll bridges, generally built by private capital, but 


_ occasionally by public bodies. _ The recently constructed bridge across Lake 

Champlain between the ‘States: of New York and Vermont furnishes a 


bg Economics.—This bridge w was financed, built, ¢ and owned | by a public com : 
mission set up by the two States of New York and Vermont, under suchority, 


of Congress, and having full power over the particular project entrusted to it. 


"The total cost: of the bridge, including not only that of its construction eg 
the real estate for its approaches, but also the administration, legal, ‘and engi- 


neering: expenses, ‘was ‘somewhat less. than $1200 000, of which $1 000 000 
raised by the sale of 30-year bonds bearing 43% interest. 


‘tolls is to be used in liquidating the cost of the bridge so that it 

Sag Alle estimates show that the income : from 1 tolls : should be su sufficient to meet 

the requirements of the an issue long before the bonds mature. These esti- 


g mates are confirmed in some degree by the fact that. in the five weeks after 


opening of the bridge, ending: ‘September 30, 1929, the receipts from tolls 

“were $20 000. it been necessary for the two. States to appropriate te funds 


to pay for bridge outright, without | any ‘prospect of obtaining 


its construction would probably have b been long deferred. 


_ Location and Type—The new bridge i is | the only | ‘one crossing Lake Ch am- 


3 ‘plain i in a length of 120 miles, a portion of the lake which has always consti- 


tuted barrier intercourse between the States of New York and 


Vermont. In times of f open water, transportation for vehicles across the lake 


has” been. “available, toa limited extent, by ferries, but most of these were 


only | by day, some of had ‘approaches, and, in 
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ferries 
ds service. wi other 
ferries ; on “the other it is 
has been the ease with ¢ other impreved traffic soutesc across waterways, 


as” the Philadelphia- Camden Bridge across the Delaware, the Bear Mountain — 

oy Bridge across the Hudson, and the Holland Tunnel. < ‘Such additional ‘trafic 
ill probably consist, to a considerable extent, of ‘through trattie between 
orthern New England ‘isd Northern New Y ork, for which the ae 


furnish a ‘short and convenient route. to beta sigiaob “isis 


an n engineering ‘the has several features somewhat 


Ha, 


laid ‘out ‘that span has nas the a of an arch, b but 
_ the serious disadvantages which would result from the large ‘horizontal thrusts _ 


an arch would produce. These thrusts would be of such magnitude that, to 
Carry | them to bed-rock at the great depth at which it lies : at the bridge site, 

ek would 1 require large and expensive piers, the cost of which would be excessive. 


involved the construction of large steel boxe. open at the top and bottom 
“open coffer-dam” is the technical term for such construction. The sides of 


these boxes were formed of interlocking. steel piles driven to bed-r ock. After 


the piles were driven, the mud within the coffer- dam dredged out, 

adhering to the steel work loosened before the dredging was completed 
of powerful hydraulic jets. The removal of the mud and its replacement by e 
ae the lake w ater filtering sag the walls of the coffer- dam resulted in ‘the 
iors.) es of water from the interior of the coffer-dam being freer from sedi- 


ment than th e water outsi 


ae eas After the removal of the mud, the rock bottom ‘didinti within each coffer- 


dam was examined by divers to make ‘sure that it would be “suitable for 


supporting the pier; the: concrete for the | pier was, deposited by 


_ buckets which automatically opened upon striking either the rock bottom or 
Jaen OF ert mi .grome 
_ the concrete pare deposited. Above the mud line the water was pumped 
a from the coff r-dam and the remainder of the concrete was laid in the open air 


Braced Coffer Dam —To resist the pressure outside the coffer- dam, Swiiah, 
on account of the greater weight ‘of the mud, would not ‘be entirely balanced 4 
by the water within, the coffer- dam was braced by strong steel oe omg 


frames ‘ were then 1 lowered a a put in place one by one as the rraeny ee 7 
the mud was excavated. They were ultimately buried in ‘the concrete, the 7 
offer-dam being made s 
outside the area of that required to support the bridge | structure. po 
So far as is known, the construction of bridge p piers by : single wall coffer- 


dams of this type bec ‘never before been ‘tied to a depth 80 great as that a at 


cases, they 1 In winter, occasional 
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nother feature of the bridge worthy of attention is the 


provision of unusually high double curbs of concrete to prevent automobiles — Ss 
BR int fede} 


from falling over the ‘side of the bridge, which the ordinary curb from 6 to om 


even 10 or 12, in. in height does not always succeed in doing. The fact that 
the surface of the | bridge floor at its highest point is approximately 100 ft. 


above the lake surface, ‘made it imperative that unusual precaution should be ‘ 


taken _to prevent accidents from vehicles going over the side. of the bridge, a 
particularly as the bridge for “much of its length is a deck structure Withems 4 
‘trusses orarchesabove the floor, ‘at 


In addition to the high curbs, a fencing which consists of steel wire mesh 

‘secured at the top ‘and bottom by strong wire cables connected to steel ‘ailing 

posts, or to the trusses where they r rise above the floor in the center span, vis of iF 
‘itself probably sufficiently. strong and | elastic to hold back any car | striking it. 2) 
Those ‘responsible for the bridge believe, however, that. no cars” will ever ride 
Other Details —The roadway surface i is of concrete, forming a part of the 
‘main floor- slab, but laid in such a way that if damaged by traffic it | can be 
‘replaced without injuring ‘the epnerete slab, ‘the strength of which is 
vital part of the strength of the bridge. This i is .ecomplished by introducing 
a layer ¢ of wide- ‘mesh 1 burlap i in the conerete during the Process of laying, thus 


serving to establish : a line of cleavage such ‘that the concrete above can 


readily ‘removed without i injury to the main s 
The bridge is lighted by electric s street lights, has electric navigation lights, 
“andj is equipped so that a an aeronautical beacon can be installed at anelevation 


approximately 185 ft. above the lake level if air ‘navigation | interests 


The 


fully insured against damage from any insurable cause, 


The ‘design | is from the office of Fay, Spofford and “who also 


supervised the construction of the bridge, estimated the amount and receipts 


% from: traffic, and ‘prepared ‘the financial program for the 


bankers pure 
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ERECTION PROBLEMS. 
ahia By H. W. Troetson,* M. Am. Soc.0.E. 
‘On one end, two of the approach spans were made continuous. — 


_ the one nearest the shore was erected in a itovmal ‘manner, as waves: in ee 


Falsework Tower.—Then, the second | d span, as Mr. Troelsch explained, 


“We cantilevered from the first pier to ‘the sixth panel, and at that 
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tovrer in the top chord over the pier was relieved. The chord 
was disconnected to avoid anything indeterminate, and erection was continued | 

e- by cantilever construction to the further pier. _ There the end was raised and 

as soon as the falsework tower was free, it was cut down. The end was then — 


Popes lowered until this chord member was in place, and then was ‘raised until the | 
acks showed the calculated reaction for the load then on the span.” 


_ The main central span with its ‘adjoining’ side spans was also continuous. e 


‘This part “was erected by placing falsework under The two side spans, and 


oie driving the temporary pier, a steam hammer was ‘suspended from = 


boom of a traveler above on the outer end of the partly completed span. ” Then 

“Instead of using leads, the piles y were guided by means of cables stretched 
from the completed portion of the span over to the next pier, with - wooden | 
guides lashed across it. There’ was Ice on the ‘at the time and that” 


Spliced Piles. —The “piles themselves were made and driven in sections. 
ee When the driving head came to a convenient position, the next section above - 
was added and the driving continued until another section could be applied. 


As to the spliced end, Mr. “'Troelsch ‘referred to the sketch and explained — > 
“The piles were sawed across on the square, the e. angles _ were bolted 
to each corner with 3-in. bolts running in both directions. The use of squared 
teh timber we find gives us a straight member which is more. dependable in> 
a pile with a certain 


Mote 


column action, and is not as subject to bending as 
amount of initial curvature in it, has a larger area, and has a greater salvage 


- value. We usually save these square piles, and can sell them for quite a con- 

Operations. —Making the closure on the main span gave an oppor- 


y for a,nice adjustment. Mr. general relation 


of parts shown i in the diagram: 


or “The ends of the span. at A were set down about 20 in. The effect of that 
to rotate the entire half of the structure about. Teint. BL Since Points 


and 


the load on the respective trusses. one series of computations and 


_ “We had an opening of about 4 in. at the bottom and about | 5 in. at the top. 

We moved the whole south half of the structure on the Vermont ‘side to = 3 

north 4 in., which closed the bottom. That should have left an opening of an 

ne inch at the top. Strange to say, when we measured it we found we had about 

24 in. The only way I could account for it was that the members sliding © 

_ between the gusset-plates had met with considerable friction or resistance, and 

z acting on the lever arm to the depth of the whole span, had caused a bending 
back. These spans are rather flexible, and it might v very well be that such a | 


“Just at that stage of the operation, , however, before we Were: about ‘a0 


close the top, a heavy wind storm arose, and. we had to quit work for the day. 
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was the night before, it had doom to Li which was exeotly, what we 
expected it to | do. rest of the operation was simple, of raising 


Points A and | A’ to bring the middle ends together. agediesies ae 


Inherent Advantages. —This was singularly free from some of the 
"frequent ‘difficulties | closure. M Mr. 
cantilever + bridges to get o out of line laterally with reference to two. ends 
jas to be joined. In the Lake Champlain Bridge, the fact that the joints: in the 
central span were above the 
to adjust the longitudinal spacing the simple expedient of r raising ng oF lower- 


ing © the support. As to lateral motion a similar - possibility existed because of 
- the fact that the rollers and rockers at the ‘Support en enabled a horizontal ‘move- 


ues 


The continuous nature ¢ of the bridge facilitated the 


without necessitating extra members to take the: resultant strain. The condi- 
ion in closing an ordinary cantilever structure may iy be explained by a further 
sketch, showing that the shoes at Points Bi are fixed, ‘requiring all adjust- 
ments in the suspended span. _ Toggles are inserted in Members E- F and an 
expansion device in. Members: ‘D- C. “AM of that it was avoided in the design 


Jacking Devices.—Then, Mr. Troelsch illustrated th the arrangement and pro- 

= cedure in using ‘the jacks, the necessity for castors, shoes, rollers, “shims, | 


hydraulic gauges, and various other devices. Admittedly, he stated, the method 


of obtaining reactions by jacking, left muc 
culty in getting a better appliance is that there is is not macs oom to put 


‘it He mentioned the possibility of using a short compression member 
pable of accurate stress measurements. “then 


. “Another r device consists of an elastic r ring which could be placed between 
the jack and the load, with a micrometer attached to it in such a way janst 
you could measure the distortion of the ring. It can be arranged so that one 
, oe would give the answer. Such a thing has been made with a a capacity 
to 100 tons, and it might be available for such situations as this: 
“Then I have also thought of the feasibility of an auxiliary hydraulic 
za deta to be placed between the jack and the load. The trouble with the jack © 
is that it is primarily a lifting device, a rather heavy and clumsy piece of © 
ha apparatus, and it gets knocked around in the field. If you did take it into 
the laboratory and calibrate it, you would have a hard time getting it to the z 
without disturbing it a Jot. auxiliary device might be made ‘small 
. You would still have the diffi- . 


culty of the pressure- ‘gauge, which not an especially and reliable 


ai factory ; yet incidentally a a continuous structure has a few minor disadvantages. 
the particular instance e of the Champlain Bridge, ‘Mr. Troelsch 
“The structure presents a more difficult. problem than one with 
* spans, inasmuch as the two ends are not symmetrical. ' We found that Bio 
_ drawing-room force was thoroughly schooled and accustomed to detailing the 
yf ordinary simple span, and that a structure of this sort required | a much closer 
supervision. The men ran into conditions, and everything had 
watched much more closely. the 
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STRUCTURAL DIV SION. 


_ Speaking from an intimate with the connected with 


ws gave a 


con 
the substructure contract. there was nothing out, of, the ordinary, 
f except perhaps the two deep piers. Our study of the engineers’ report on the — 
borings and the soil tests led us to believe that the single-wall coffer-dam could ey 
: be built in this location. In the design of this coffer-dam the full hydrostatic _ 
head was used for that portion above the mud line, and below the mud line: @ 
relatively high pressure was used. That is, we assumed about 40 lb.. per ft. ‘ 
- in weight of the mud. It gave us rather large stresses in the sheeting and in, 
our bracing. © The sheeting, was designed for a stress of 16 000 Ib., and bial 
~ walls and braces for about. 20 000 lb. combined bending and thrust shock. 
ere “Tt was determined to ‘use the Larson sheeting on account of the inter. 
? locking, high-section modulus, and the relatively low weight per square foot 
* of dam. _The wells were ‘designed so that the upper portion in the water, the — 
3 sheeting, was ‘driven close to the lower portion, with an allowance of 6 in. on We 
a! each side. * * * There was also an additional allowance of about 3 in. between es 
the inside of the wells and the neat line of the concrete, to allow for any £3 
irregularities in the wells, or any 'eavihios that might be necessary on cateviral 
of the sheeting not going as straight as we anticipated, 
: Rei driving of the sheeting was no more difficult, perhaps, than ‘yo , 
would expect, cnnettiedtinn the skin friction and the tight under-lock, a 
Was successfully driven down to bed-rock and bedded in the rock, | | 
excavation was carried to rock, using a 1-yd. Williams bucket. 
_ cleaning up was done by a sand pump or dredge pump, 10 in, _ fed by a diver 
who used a high-pressure hose to scrub or clean off the rock surface. 
dredging took considerably longer than the concreting. dredged 
material was put in. dump SCOWS, and dumped in the shallow portions of the 


“Tn concreting we used a plant consisting of a 1-yd. mixer, gasoline driven, 


a with a 55-ton hopper. In addition, there was an extra mixing plant. of the same 


Nes 


build and capacity held in readiness in case of a breakdown while concreting 
he deep seal. The concreting was carried on rather slowly; that is, there was. 


no to break. records, and I the 


“The material was loaded from a dock about away, and towed 

the job on tug scows, then unloaded into the hopper; and mixed, and placed. 
by» underwater buckets which were lowered to the bottom, . released, and, hoisted. 


December, 1929.) 

“Another clement of expense in connection with it we found was the mak- 
z ing of the many stress calculations which, while they were very interesting, = — 

«Were also very laborious and took a lot o e On the whole however, an 
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again to and reloaded. “There was ‘ba n 
this operation, although several buckets were available in case of. emergency. 
ae The concreting operation was carried on partly in very cold. weather, and 
ae believe that the concrete itself was perfectly satisfactory. On pumping out 
Ee 
ee the coffer-dam we found there was very little leakage through the sheeting. 
After it was gomped. out a 4- easily hold out any ‘leakage 
A ,  &We owe. a pantinars deal to o the eng engineers rs for their help and co-operation on 
this job, and I feel that through our _very superin- 


METHODS FOR BRIDGE FOUR DATIONS 


J. W. Rots, Amt. Soo. qosb odd 
Double Caissons. Foundation engineers, « commented. Mr. Rollins, 


job as a group of ladies | in the choice of a hat. He admitted that he had 


filg 


never tried such a . deep foundation as this with a ‘single line of sheet- piling. 7 


tural frame with eels, and operated by dredging and using the 


weight in other concrete pockets. That is the old type—I guess the most — 
_. “These caissons were 20 by 50 ft. I should have. built a shel outside of 
that, 30 60 ft. braced that 80 ‘that you could use it for. 


f material in to. sink it, It 


_ Dynamite vs. Friction —To bolster his argument, Mr. Rollins gave dimen- 


various bugbear ‘he mentioned was friction. Enlarg- | 

on this topic, he remarked, ot a ody a 

the matter of friction in coffer-dam construction, of course this depends 
entirely on the character of material you are going throu igh. At New London 2 


we went through sand. We used a very powextul jet there and blew everything — 


| 
i caisson to overcome friction. We went down shout 100 ft., and had to go 17 ft. a 
more; we would excavate 3 ft. under the cutting-edge, and could not get any 
bs ic motion, although we had tremendous jets scattered all around ov over the work, * 
ith divers working. I think it took a month to sink that caisson 5 ft. On 
2% - “Finally, we got sort of mad at it, and we put a little dynamite down and 4 
gave it a shake. Dynamite is a great worker. You do not want to be around 
ee when it is working. But we found that in sinking the other caisson, when we 
4 7 got in any trouble, if we put a charge of dynamite down in the bottom ‘it 
caused sufficient vibration to get it started. On one side of the river we oat P 
in getting the caisson through. On the other side we went down 
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gight. to us, and. we it out, anil, the: caisson went down 2 ft. 
think we sank that caisson 25 or 30 ft. in month, ‘There is the 


caisson 135 ft., on account of the trouble with ‘the west one, ‘but we 


into that floating sand and it went down beautifully after we got it going.” abr 


Laitance. —On the subject of laitance, Mr. Rollins was equally positive. In 


wet ct 
one instance he mentioned, a continuous pouring of 60 ft. « of conerete accumu- 


lated about 9 ft. of laitance. In | another location, it Was 20 ft. deep. 


©The point is,” Mr. Rollins observed, “that when - you run against laitance, te 


dig it out, do not let it get set, because it will set so hard that you will think it — 
is concrete; it will set like lime mortar, and you cannot get it out except by 
using jack-hammers. We found that by taking it out at the time the concrete 
was deposited, it was soft, and we could take it out with an ordinary, b bucket, | Jia: 


filled the pockets at Poughkeepsie about 100 ft. ina continuous opera 


Pe In general, Mr. Rollins had two suggestions as to improving tl the ‘resultant, Woe 

“conerete. He believes that a ‘relatively shallow pouring each day—say, 4 ft. 


a depth as at the Lake Champlain Bridge, instead of possibly 20 ft. in some 


hours was 1200 yd. of concrete.” 


ed 


other places he had mentioned—would obviate the difficulty o of laitance. Again, 


in the matter of the s size of the container ‘used, he stated, 
Baie “My | experience in putting in concrete under water is that the concrete is 
better if you can get it in in large. quantities. Two yards at a is quite 

GENERAL DISCUSSION 
Co- Operation.— For the g genera 


ral success of this of of ‘Work Frederic 


have! ¢ occasion. to take part in enterprise.’ he 
instanced the matter of foundations and piers. That matter, he observed, was 


left almost entizely to the contractors. “The proof of the pudding is in the 7 
eating”: and, therefore, in this case the excellent result justified the means. 


“Speaking from an er engineering if we had this problem pre- 
sented to us again, I feel quite sure that we would have proceeded in exactly 
the way that we did in this particular instance. In other words, ‘it is one of 
those cases where the final carrying out of the project agreed with our earlier = 
conclu sions and deductions as to the way it should be done. I am sure,  speak- 


ing from the standpoint not only of the Wiivitieers, but of the Lake Champlain 
Commission—the Interstate body charge of the 


orginally the tolls n may and the period 
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than we ha M Fay noted tolls to carry t — 
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“Mr. Fay believes, the i of a toll, anid it showe “that 
he public is well satisfied to nay, ee moderate toll necessary for ‘the better 


or a concentrated load of 24000 Ib., whichever wou ould cause panei stress, 
For the floor construction alone the possible loading. was: conceived to be two 


i 4 i 
of Regarding the setting of concrete “under conditions existing: at Lake 


‘Champlain, Professor Spofford cited tests of concrete, made i in cold water, ¥ fehich 


showed no objectionable effects. Other experiments covered concrete under 
Pressure; these, indeed, showed that the material set more quickly and obtained 


reater stren, h than ordinary-conditions, =... 


_RESEARCH IN, MECHANICS, AT THE 


compressive strength, elasticity, internal friction, cohesion, plasticity, hydro-— 


re ‘ in at the Institute ‘Tech- 
nology i in the : fall of 1925, according to Professor Gilboy. | He then traced i in 


= broad outline | the general tr treatment of the various developments down to the 


present. To shestite them in a general way, according to Professor Gilboy, 
4 


fall naturally into two main groups: Research in soil physics, 
ah tn’ soil engineering. The first group includes studies of the 
physical properties of soils and ‘of the inter-relation between these properties, 

Ot with ‘the ultimate object of understanding the nature of the effects observed 
in soils under. various conditions. The second group comprises investigations 
ae of the behavior of soil as an engineering. material forming part of a structure. 
The two group 
behavior of a soil mass connotes a 1 knowlege’ of the | physical properties of its 
“Problems 3 in soil physies are, in the main, attacked in the laboratory, and 
include investigations of the compressibility and permeability. characteristics, 


dynamic effects, and the ‘influence of grain size, grain shape, uniformity, 
density, and composition. Investigations | of this class form a background for 
the more elaborate and difficult researches in Soil Engineering, which includes — 
field observations and theoretical | developments i in addition to laboratory tests.” 


echanical Analysis —In passing, Professor Gilboy simply m mentioned with- 

~ out detailing the general process of analysis by screening . Another method is 
that of. sedimentation, | based on the principle that the at which a spher 


nat 
sinks. in in a liquid 4 is directly Proportional to the diameter of the sphere. {hove}. 
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DIVISION 


Professor Gilboy this test, 


 &T he apparatus consists of a 2-in. vertical Bow tubs BIDE 3 ft. long, closed 


at the bottom, and connected near the bottom through a stop-cock to a small 
vertical stand-pipe. The sample to be analyzed is mixed up as a dilute suspen re 
sion in the large tube, the stand-pipe being filled with distilled water. With , 
the stop-cock, closed a and both tubes stoppered, the apparatus is thoroughly 
shaken to disperse the soil. It is then hung in a vertical position, the stoppers» 
are ‘removed, the stop- -cock is opened. The suspension in the tube 
heavier than | water so that the water in the stand-pipe assumes a level highe . 
than that in the. tube. The difference in level is a measure of the of 
soil in ‘suspension above the junction of tube and stand-pipe.” 


ie: The difference i in elevation, however, between the two sides of ithe Ewer 
‘is relatively. small so that it became necessary to devise a more careful mean 


measuring. For this purpose: the graduated tube in which the “elevation 


z was measured, was placed ata very flat inclination, thus extending a relatively % 


small vertical movement over a relatively long measuring distance. 


Ch 


Although this device is. quite: accurate, its bulk makes it too cumbersome 

for! field use. To meet this objection an attempt has been made to adapt ‘the : 
principle ‘of reading the density by a hydrometer_ calibrated i in some way with 
the physical characteristics of the soil. This field method is quite rapid tind 
give results accurate within 10 per cent. odd ep how 


With fine- -grained soils, however, mechanical analysis i is still far from satis- 


“flocculation of the colloidal elements of a soil suspension throw 
serious errors into grain-size determination, and that flocculation is difficult aa 


control or eliminate. Finally, there is no clean-cut relation between the results 


of a mechanical analysis and the various physical properties of a soil which 


are of interest to the yeaterial, BE to 


of In Professor Gilboy’ 8 opinion, however, a bel 


rather than quantitatively. A distribution curve for a soil will unquestionably 
afford an experienced person an idea of the nature of the material. But his 


Limit Tests. A has: proposed: 


“imit tests” for cohesive materials. These, or an adaptation of them, 


are now frequently used in America. 9) A sample of clay, for instance, varies 


in physical characteristics | according to its water content ; state may és 
liquid, plastic, semi- -solid, or. solid, As ‘the physical changes ‘resulting from 


moisture content are so so gradual, it was necessary ‘to. set up arbitrary. 
“limits” between these ‘states, expressed in terms of of weight of water per unit 


“The shrinkage limit”, states Professor Gilboy, “defines itself and can | 
determined with comparative ease, * * * from the weight and volume of. vfs, 


sample wet (in the plastic state) and dry.” qs, ot 30 


mes determine the ‘ ‘plastic limit” a small quantity of wetted ‘material is 


rolled ¢ on a a piece sce of absorbent paper, which causes the: water content to decrease 
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form 
in diameter, at which point the moisture content is 


«ig id imit 1s mot so easy to etermine. 4 _ Because of the inconsistency 


of the peoniies obtained by various experimenters, a | standard method was finally 
devised using a special apparatus. oA part of the material ‘is placed in the 
bottom of a standardized dished cup attached t to the apparatus and by means of 


 a.special tool i is grooved through the center to a standard shape. By. turni ng a 


; Crank the cup is raised 1 cm. and dropped, and the number of blows are counted 


as required to close the bottom of the groove over a distance of } in, Of course, 


igher the water ‘content,’ the fewer the number of 


mined. Of ‘the simplest type of apparatus is one which 


is only for relatively permeable 1 materials, such as 
“In finer soils, the rate of percolation is so slow that the test occupies 
% an extremely long "period of time, and during this time there is the danger that | 


character of the soil may be altered by decomposition and growth» 


TAN 


water soaks | through the sample t the > head drops correspondingly and. by a 
reduction formula the constant ‘coefficient can be computed, depending simply 


on the time interval required. for the head to drop a known distance, In such | 
a test, a stop-watch i is set, , and the test runs itself until the water level Sethian a 


known amount, no ‘matter how w long thismay take 


Capillary Saturation— —A measure of permeability i is afforded by 
‘Ineasuring the capillary ‘rise of water ‘through a sample i ina vertical glass tube 
on the principle that any given ‘material draws up water to a certain ‘definite 


height.” In fine soils, because of the excessive height involved, a a long. sample 


is required. _ However, it is possible to construct master curves showing the rise 
plotted against time, from which, ‘from a short test, the final results may be ia 


"According to recent studies, however, there are certain inherent defects in 


his vertical test. For example, fies wih ko 


ad “The original theory* was worked out on the basis of the rise of water in % 
jab tubes, and applied to soils by substituting an equivalent void diameter . 
for the diameter of the capillary tube. The equivalent or controlling void | 


ameter wae. assumed constant for the material. As a matter of fact, the } 


7 

= 
and the liquid yses, 
a plotted, d as the ral ‘analy 
ber of he curve, ry as upon e rapid 
“The h ‘Tead the direct b impli re ela 
content: 5 blows, : hat t n in heir s ing mo 
f w tO 40 in s eo nt per = 
OF ondin are hav Bee accou or to 
rresp gery ests ults on | S prl 
nasmuch They are f a set of 

24 
= — 


| between theoretical actual curves were observed 
in extended tests. The errors were minimized by the use of master curves, 
the master curves were obtained empirically, so that their applicability 


owas. strictly limited to the materials used in the ”? 


Ve 


by capillary action has been Not only i is much simpler, 
J 

the actual behavior seems to agree the theoretical. The test involves : 

the use of a glass” ‘tube immersed horizontally in water as shown in the . dia- ; 


ram, the water havin free access to the sam le from one end. _Accordin 4 


i to. Professor Gilboy, > “this 1 test seems at present to b be reliable, and by far iC 
simplest | ever devised, especially for rapid field determinations.” 
Compressibility. and Consolidation. —In the ease of a soil, ‘compressibility 


is measured, by a change in -yolume under a change i in load. Certain phases = ep 
of this action had previously been discussed i in full by Professor Gilboy.* if 
ce be A coarse m material » if saturated, | may be compressed quite readily by appli: 
¢ation of a load: ; this corresponds to reducing the amount of voids by driving 


“out the water. With a finer material , however, the « occupies a 


Tet 


devised to determine t 


4 free water passage. A cylinder (2), 7 cm. in diameter, is fastened to the base | 
@ by a clamp ring (3), the joint being made water- — by means of a rubber © 
q ring pressed into the joint by a packing ring (4). A close- fitting piston (5) © 

provided with a porous disk slides within the cylinder, transmitting the exter- 


nal pressure to the soil sample. Pressure: i is ‘applied to the through a 


¢ holes voted as a water overflow. Movement of the piston 1 relative to the cylinder 
igs measured by Ames dials, reading to 0.0001 in., ‘mounted in a dial ring (9). 
ed fixed to the cylinder, t the stems of the dials bearing against a beam (10) -fixed 


s continuously under water, definite te are applied 
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"impermeable. Their time curves are flat and well defined, permitting accurate a 
_computation of the constants. Border-line materials, such as mixtures of very 
fine sand and silt, are much more permeable and much less compressible than z 
clays. Consequently, the time curves are rather steep in the first: stages, and 7 
the dials move so rapidly that accurate readings are difficult to obtain. To 


overcome this difficulty, arrangement has devised whereby direct 


permeability tests can be 2 performed < on the sample while the compression test — 


‘tp 
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off ‘The consolidation test is without question one of the most important 
capil tests ever devised. Its chief advantage lies in the fact. that the reeults = 
are of immediate practical value. An engineer who attempted to. estimate _ 
oe the compressive strength of concrete from very elaborate analyses of the shee, 
--sand, and cement, would lay himself open to just criticism, because it is much 
easier and more reliable to mix up a cylinder and break it in a testing machine. 
‘Similarly, the writer does not hesitate.to say that a few good. emmeiiiiiien 
ests on, for example, the core material. of a hydraulic- fill dam, will furnish 
infinitely more information as to the rate of consolidation and the settlement — 
to be than a hundred mechanical analyses.” 


sistance.— According ‘to Professor Gilboy certain ‘ebmplex 


; phenomena are pene with the resistance of soil, and these he explained in 


val 


y 


pressure can and does exist within a 
ter? soil: any retains its shape apparently unaided. Tt 


the cylinder is tested i in compression, two major ‘effects | are noted: : First, that — 


the limiting pressure—the compressive ‘strength—is reached, the, 


fails in shear well- whose traces appear as cracks 
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Me! these and similar an elaborate has recently been 


_ “The nucleus of the. device is a rigid rectangular. brass -consist- 


“ing of. two parts, a box. resting on a movable platform, and a frame. of the 

_ game size supported on the box by ball bearings, leaving a narrow horizontal 3 
_ clearance all around. Box and frame are provided with tool-steel grids of — 
—_ design. The soil is placed in the container and a vertical load applied. 
~The frame is held stationary, and. the load required to produce horizontal 
displacement. of the box, that is, horizontal shear of the soil at the clearance a 
line, is measured. The principle is simple, but in order to obtain reliable © “i 

: results many refinements were necessarily included which cannot be described 3 
“ah ob “The shearing machine has two very distinct advantages over the compres- _ 
sion test as a means of measuring internal friction. First, the coefficient of NM 
friction is measured directly; second, the machine is applicable to all types of 

soils. The first series of tests, now nearing completion, has yielded very inter- oak 


esting information. To quote only one example, the tests have shown that @& 


current ideas relating to the internal friction of sands will have to be revised: — 
The angle of internal friction of dense sands is by no means constant, but a 
decreases rapidly under increasing surface pressure. of friction of | 


The. practical application of ‘thede: principles’ various 18 problems: 


rising in construction ‘comprise’ a most interesting part of this work. Pro- 


fessor Gilboy listed'a few of the projects: a 
“The experiments performed on the borrow-pit materials for a 


: hydraulic-fill dam in Pennsylvania | furnished the data required for preparing — 
a suitable program for the investigation of the:core of the Gorkissatvene: Dene 
_ [Miami Conservancy District].. The soil studies for two large earth dams in 
- “Massachusetts called attention to the shortcomings of the methods for com- — 
puting the permeability from the results of mechanical analyses, and. pro-— 
De an incentive for developing rapid methods for direct permeability teste. 
An. extensive ground-water survey in the flats along. the Connecticut River 
furnished for the first time conclusive information an, the air content of allu- | 
vial deposits. Test borings in Arkansas and drainage investigations in Spanish — 
_ Honduras , furnished. data on n the permeability of stiff clay soils with crumbly 


‘Ge Bearing Capacity.— 
was observed to be settling at an n alarming r rate. As the piles themselves seemed 


to be ‘sufficiently strong, conclusion was ‘unavoidable t at compressible: 
of. soil far beneath was in the course: consolidation. 


Accordingly, consolidation tests were performed on this particular” ely 


to determine its compressibility and permeability characteristics. Following 
this, a ‘tremendous amount of computation was: necessary, to. détermine the 


‘th 
‘settlement which mi ht rationally take place. ‘ “The agreement between the é 


‘theoretical settlements and those actually observed at the site was remarkable.” 


striking thing about this investigation was the fact that the action | might 


| 


of’ ‘the value of soil mechanics i in practical engineering. oat 


“Progress “this line would be greatly facilitated i if every construction 
ob were ‘looked upon a lar ent. The data are com- 
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porativels. oom: to collect. load-progress d series of bench- ark 
_ observations, a geological profile of the underground, and a few soil. tests on ; 
the different strata, will furnish the information required for an analysis of the — 
causes, rates, and ultimate amounts of settlement. The additional cost of 
he such observations would be a negligible item in the total cost of construction ; ¢ 


Frost He eaving of H Fighways—In this work, 
> ty “The experimental unit consisted of a wooden box, 3 ft. square and 3 ft. 
oi deep. On one side of the box was an observation well 1 ft. square, communi- | 
cating with the interior of the box at the bottom. | A gravel filter was placed E 
in the bottom of the box and well, thick enough to cover the opening between 


them. In this manner, the water level within the box could be controlled from 


ts the well, the gravel preventing any soil from entering the well. The sides 
of the box were coated on the inside with a thin layer of grease, over which were 
_ laid small overlapping sheets of Manila wax paper. The object of the grease 

_ and paper was to minimize the retarding effect of friction between the soil and 

_ the sides of the box. The soil to be investigated was carefully tamped into the 

box, filling it level full. — On top was placed a slab, 2 ft. 8 in. square, of © 
eoncrete or macadam, representing the road surface.” ‘Do 


est, Fight u units of this sort were buried in soil during an entire winter. 

spite | of some valuable were obtained : 


“The researche 


g ais extent unless there is a continuous esha sb of water from below the frost level. 


‘The pressures associated with freezing water are due to the growth of ice ; 
ee Be. crystals in layers, this growth being in turn due to travel of the large trihydrol — 
molecules, (H, O),, toward the focus of crystallization. As long as trihydrols_ 
are supplied, crystal formation will continue, and pressure will be exerted 
nes lift the soil above the ice layer. If the supply of trihydrols is cut off, equi- : 
librium will be established and the heaving will cease. 
“Jt has been observed that ice layers will grow in ihixed fine-grained soils, 
; oe while the water in the voids of clean sands will freeze without causing growth — 
of the crystals beyond the ordinary imerease in volum e associated with the 
- ¢ghange in state. This behavior is due to the fact that water in very small 
Be spaces exhibits the property of remaining in a liquid state at temperatures 
eee considerably below the normal freezing point. Since the freezing temperature — 
q _ of water in very fine voids decreases with decreasing void diameter, it can be — 
xs o seen that in the larger voids the water will crystallize while in the surrounding 4 
smaller voids the water will remain in a liquid state, thus keeping supply 
channels open for the growth of the ice crystals j= 
“As the frost effect penetrates deeper into the soil mass, another ice layer 
will start to form lower down. As the lower layer grows, it gradually Te E 
the water supply, so that further growth of the upper layer is prevented. i 
= “The frost effect is thus shown to be controlled by three factors: th irst 4 
hay the position of the ground-water level, ¢ or of veins and pockets of water which 
_ ‘May serve as a ‘source of supply for excess ice accumulation; second, the void- 4 
a size distribution of the soil in which freezing occurs; and, third, the ot in 


Pu properties of the soil between the source of water supply and the frost level.” — * 


Earth Pressure on Retaining W alls. .—The latest and most elaborate project, 


according to Professor Gilboy, i is that on lateral earth 1 pressures ¢ exerted behind ~ = 
retaining wall, as ‘measured on a large- scale experi rimental apparatus shown 


in the diagram in isometric ‘projectio He described this dete 


how the ‘various measurements and 


effects of outside structu ares or for rees. ss. Te 
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“apparatus it may be noted controlled to w within 

Be Knowing the vertical and horizontal components at various ‘Places: (marked — 


and H on the drawing), it becomes possible to determine the magnitude, 
- direction, _ and point of application of the earth pressure 


7 thus su ummarized the value and rai of this i imy ortan 


PPARATUS FOR | DETERMINING SHEARING RESISTANCE or SorLs. 


_ tion being given to the rigidity of the retaining wall and the possibility of 
moving ‘the wall at will through an appreciable distance from the bin. The 

as follows: The model 


0,001 in.; the wall can be or moved to itself through a 
of more ‘than an inch; and the joint between bin and wall is equipped with 
= water- -tight rubber bellows or diaphragm 80 cas the back-fill 


24 

“Surcharges up to 50 tons can be surface ‘of the baek- fill. 
F The effects of different slopes of the surface of the back-fill can be meas- 
red The action of filters and drains, as well as th effect of partial nd com- 
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plete saturation can be 

of valuable service, and will unquestionably furnish interesting and reliable 
information on many of the difficult problems connected with Yeteining walls.” 


Opinions of engineers have differed, according to. Mr. Eiffert, as to the 
xact nature of core material in a hydraulic- -fill dam some time after its com- 


ple etion. Until the Miami Conservancy | District, with the Co- -operation of the 
Massachusetts Institute of Technology, undertook to determine 
nothing definite was known. Some maintained the core remained in a 


: semi- -liquid ‘condition for a considerable period, whereas the other | extreme . 


-drying- out or cracking with Joss. of ‘imper- 


of ‘obtaining samples were available. One was to 


sink a shaft large enough for men to work in and obtain samples and in which © 


the materials could be inspected in their u ndisturbed | condition. 
; to obtain the samples from some type of drill hole or boring TRE: 
_ “In order to obtain the relative value of the two methods it was determined 
|The best ‘available ‘site for a shaft was in a the Germantown Dam at a point 


about 12 ft. _ off ‘the center line, where the available height was. 110 ft. ‘The | 
- conerete walls were to be 5 in. thick, giving a 5-ft. circular interior diameter. — 
oe 3 ft. high were added as the « excavation proceeded from the inside oe 
easing sank. Because of this eccentric position no core material was 
encountered for the upper 30 phy 40 and. 50- “ft. separation 
in the casin 
start a new casing 
Various. difficulties “eropped ‘out, among them the necessity for pumping 


ut the water and for supplying air to the workmen inside. ‘Finally, further 


ae sinking was abandoned because of slow progress and hazard of life. neh Mr. 


‘Tf another shaft were to be sunk in material similar to 


cipated, 
re 

Sampling —Various parts of ‘the sampling are 


in the accompanying photographs. This apparatus is described by Mr. ‘Eiffert: 


mtr 


* Chf. Engr., The Miami Dist. Dayton Ohio. idon 
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_ Sinking Test Shaft—In studyis procedure, Mr. Hiffert ee 
+4 
=] 
own, 1t Could be done very satsiactorily by the methods described Dut that the 
should be 8 in. thick to give them additional weight for 
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0.001 in. to give clearance to the “The had been 
e an oiled rag before using to reduce friction on the inside, was a 

_ into the core material by hand, the material around it being removed with a 
- trowel a as fast as the tubé penetrated. As soon as the tube was filled it was 

carefully removed and the surplus material at the ends cut off by means of a = 

_ fine wire in a hack-saw frame. Sheet metal caps, (b), were then placed over va 

_ the ends and the sample was brought to the surface. Samples were taken in 

pairs at each location, one vertically and the other at right angles 
the» work table were circular iron bases in. 4} in.;  (c). When 
a sample was brought to the surface to be prepared for shipment, the j iron base as 
WwW as covered with a thin layer of melted ‘Patafitt and the sample set vertically Fi 
on it after the caps had been removed. _ The steel tubing was then slipped 
in diameter ‘than the tube was placed on top of the sample and held down, 
while the tubing was pulled up off the sample. mee cylinder, (d), of 24- -gauge, a2 
galvanized i iron, 44 in. in diameter and 13} in. long, was then placed over the 
sample, the bottom sealed with modeling clay, and the space around and above © 
& sample filled with melted paraffin. When the paraffin had hardened the | 5 

_ cylinder was reversed, heat being applied to the iron disk if necessary to loosen. 

it, and the other end poured full of the paraffin, _ The entire sample was ‘thus 

« entlosed in paraffin, the structure of the sample” and its water content being — 
will preserved until it arrived at the laboratory. The tube, (e¢), was used for 


Results of Tests. ~—Upon examination in the laboratory, the material was 
reported as 28% consolidated. first, this was somewhat alarming, until 


bie 


found that. ‘this particular state ‘corresponded with an entirély ‘satis- 
factory natural condition. For example, material only 10% consolidated is 


for foundations in Boston. if} Referring to the 


_ danger of it becoming too dry while its proant state of consolidation makes, 4 
A Drill- H ole Tests. —To ‘substantiate ‘the finding f rom the test pits, a drill ee. 


hole was d driven on tl ‘the opposite side. of th the center line of the dam abort 25 


7 
the shaft, using a pipe 58 in. in diameter. At various points all the way 


to the bottom of the dam, samples were taken, — tod wal 
hi ag Ei fe ti ued, is'T a9 4 
Mescri bing this wor r 1ifer con nue whe Jsow. to 


ig “The sampling tools provided consisted. of. pieces | of threaded 2-in.. seamless — 
~ steel pipe, 24 in. long (shown i in the photograph at (e)). The rod for lowering | 
these samplers consisted of 14-in. pipe to the lower end of which was attached 
a piece’ of 2-in. pipe about 2 ft. long. When a sample was desired the sample _ a 
tube was screwed into the lower end of the 2-in. pipe. After the well had 
out with a dipper. the. sampling: tool was lowered and 
- driven into. the core about 3 ft. » This insured the complete filling of the 
tube. The samples remained in these tubes for shipment, about. 


Pin) of the ‘aniple, being removed from each end and replaced “with melted | 


seven Bes’ were obtained throughout of 


| “At (a), is shown a seamless steel sampling tube; 4 in. in diameter, 12 in. 
| 
— 
— 
a 
— 
— 
— 
> 
— 
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“The future rate of consolidation of the Germantown core is necessarily 
| 
+a 
| 
— 
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as reliable and ‘consistent as “the undisturbed sample from the shaft.” 
All in all, Mr. Eiffert is enthusiastic in‘ his belief that, 


“The studies of core consolidation, permeability, and the graphical method > 


of determining the stability of the shell material during construction should 
be of value to designing hydraulic- fill dams,” 


GENERAL DISCUSSION. va ot bare alsin > 


lintnoxitod «odio inoitioy sol te atin 


RESEAROH ie! 9:4) ize at 


for “Research.— —Speaking on the subject of the Hide of 
these researches, | C. Spofford, M. Am. Soe. observed. that it was not 


withal. 


f Ins a dition, Professor Spofford acknowledged the warm spirit of | co- opera-— 


tion exhibited by outside organizations such as the U. S. Bureau of Public | 
‘Roads, the District, and the New England Power Com-— 


Mile- -Posts nm Foundation ‘Research. —To Paaswell, M. 
. E., it appeared that the researches outlined marked most definite depart 
ae eyond and above anything else of a similar nature that has been done in th 
United States. Regarding the future of the work, he was anita: enthusiastic. 


These ‘studies hs 


AS 


soul “We a are now in a position to make a really rational study « of the founda- 
tion: structure. We can identify our soils by means of a positive analysis—no 
longer by the grain count or the grain size, but apparently by the behavior of 
the soil itself, which i is based upon definite properties, you might say, analogous — 


to the properties we have in our structural materials, such as concrete and steel. 
We can design a foundation that will almost — bse behave as we 


and bracing, or the necessary measures of “The | success 


of the investigation, Mr. Paaswell ‘believes, is a magnificent tribute. to ‘the 


ability of Charles Terzaghi, M. Am. Soc. C. who originated and on, 


results that are close to the actual orig im The ina ta ection to the on 


this formula was ‘warmly attested ‘Anson Marston, President, Am. 
_E, who. reported having ¥ a problem of ‘pressure 
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PLANT. ON THE UPPER RHINE 


it's describe this Dr. Thoma used numerous slides. 


the Hydraulic of the Technische Hochschule at 
Germany, he had gained a first-hand knowledge of his subject. OOS 


bin General Features. —Dr. Thoma described the setting of the plant: and its 
Sibi plant’ is’ located on’ ‘the: Upper 
Rhine between the State of Baden, Germany, and Switzerland. The frontier — 
between. the two countries is just in the middle of the river. The plant 
being built by a corporation of four members, consisting one co mpany 


controlled by. the State of company controlled by the Swiss Gov- 


tha t on upper ‘stretch of ‘the river is a great lake, ‘the 
. “The river banks on the upper side of the dam are quite high, and ‘ive 
‘allowed the raising of the head-water level to the extent of about 40 ft., and 
_ only a very few levees had to be built in order to prevent the flooding of the 
nd. od Hiy teon | fsdotttbbs edt omidast 
“Tt: was decided to install four turbines, so to ‘speak, one for each of the — 
four members of the company. . The turbines are installed on the right side of — 
the dam, facing down stream. On the left side of the dam are installed ‘the Apt 
spillway gates. In order to maintain full power in times of flood the turbines 
will have a maximum | discharge of 11 000 cu. ft. per sec. for each unit. The 
turbines of course had to be very big, the runner diameter being 23 ft.” idea 


x. * Choice of Propeller Turbines. —Except : at one place, where there is od aabethia 
extending about 60 ft. below the ‘normal level, the river bed » was solid rock, 


d the plant ‘and turbines ‘thus h had good foundations. ‘The ravine was 


_-- * Prof. of Hydraulics, Water Power Machinery, and Water Power Plants, and ie 
Hyar, Inst.,; Technische Germans Visiting! Prot. of Hydraulics, Mass, 
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vere equired to so that the peci 


. These. led to the 


of propeller turbines: with movable runner vanes—that i is, Kaplan turbines. * 


‘The units installed we were designed for a head of 89. 5 ft. and ‘a maximum > 


discharge of 11 eu, ft. per sec. Their. ‘outputs were 42.000 h.p. each at 


Steps in the Development of Turbine—Dr. Thoma 


views of a series of runners tested by Dr. Kaplan about 1912. ‘The sts were 
—_ on a a small scale, with runners 6 in. in diameter, The ‘blades were « of sheet 


_ copper and could be bent to any shape or position so that different t experiments 


- The next step ‘was to investigate ‘the form of dreft- tube best suited for this y 


= 


new form of turbine. ‘Dr. Kaplan first used straight glass tubes’ that he 


could see t the conditions 1! flow. Later, he worked with bent draft- tubes, 


: x a _ One difficulty encountered in the constructional development ; Was in ¢ con- 


ike nection with the mechanism by which the. blades and ‘pivots can be rotated _ 
about » their axes through the levers on the e pivots connected with a central rod 


within ‘the interios of the shaft. Dr. Thoma showed ‘three steps. in the evolu- 


tion of an arrangement that would solve this problem. Farther difficulty was 


experienced i in connecting the governor with the rotating system. of the turbine, 
_. Advantages and Efficiencies.— 7 -Commenting on these difficulti ies, D Dr. ' Thoma 4 


‘ eouree, . the whole design and construction of a turbine of ‘this kind 


is more complicated than an ordinary turbine with: fixed runner vanes; and — 
Justify the adoption of this design there must be 3 in the use of 
advantage of the ‘Ka plan is the combina ‘a spe ific 
_ speed as high as that of the Trapeller turbine with fixed blades, with an effi- 
ciency curve which is flatter than even the the 
. “The Kaplan turbine will always be more expensive than 1 an parton 
Brien but the additional cost will in general be only a small percentage of — 
the whole cost of the power plant, so that if, by the adoption of movable runner — 
ae the whole power plant is made more useful the additional expense in 
many cases will be warranted.” 


ode book to ot Hot wintciem al: 
ed Acceptance tests made on Kaplan turbines have | shown efficiencies as high 


95 per cent. For smaller plants « of about 300 h. Dp, of course, the efficiencies 
—At ‘the Rybure- Schworstadt the effect of cavitation was 


_ ous laboratory tests on cavitation were m made especially for this co. ot T = 
ae . The designers of the plan decided against the use of intake gates because 


the turbines ¢ can be stopped oh closing the guide- by ‘moving the 
n be used and, a 
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therefore, the intake gates were e omitted. |. Thi arrangement indicates a large 


egree of faith in the reliability of the turbines, ont of 

Turbine—In order to guard ‘against cavitation, five Mad 
used instead | of the customary four. 
9% nickel. 


surface 

*The outer wall in the region below the axis of the sain of the Wade 
k ‘has: the form of a sphere. In this way the gap between the blades and the RS 

outer wall is maintained the same. at all angles of the blades. In the upper — 
y region the outer wall is cylindrical in order to facilitate the insertion of the 

runner. Of course, the gap at the tip of the blades must be made so that with 
te small angle the blades will not touch the outer wall; with larger angles: E 
4 _ “Experiments have shown that the effect of this increasing gap is less 0 on 
the upper side, in the region of the entrance edge, than it is in the region — © 
near the exit edge, and that is why it seemed permissible to make the upper 
part of the wall cylindrical. The hub, too, has a spherical form in th Yegion 
the for the same ¥ ¥ ett tad, 


The Kaplan Turbine in Sweden: project now being planned it in 1 Sweden 


contemplates the use of a ‘Kaplan turbine about 26 ft. in diameter. It is to os 
have a discharge of about 9 000 eu. ft. per. sec., , With an average head of about 
12 ft. _ As in the case of the ‘Ryburg- Schworstadt, Plant, these Swedish 


bines | will. have. no ‘intake gates; but the. elevation of the. guide-wheel will be 
~ inereased 7 that, by admitting air to the intake, the flow can be stopped. In 


conclusion, Dr. Th homa declared that the Kaplan turbine is now in general — aus 
ne - “Tt is not proposed that all plants; or even all low-head plants, should be :° 


® fitted with Kaplan turbines. The propeller turbines with fixed blades, for 

the. splendid development of which every credit must be given to “American 

cg engineers, will retain a field of useful application. B But on the other hand 

_ there are many low-head power sites in the development of which the Kaplan 
turbine, either alone or in combination with turbines with fixed blades, would 


secure | improvement in economical operating conditions.” 


a hees vot oot bigods eabaid ods to 


response to questions by Chairman L. Bevan, Messrs. 


EB. B. ‘Sharp, G. Lee, B.F. Groat, H. W. Dennis, E. A. Dow, and others, 


Dr. Thoma elaborated his subject" further in discussion. instance, i 
3 was stated that, the weight. of the blades constituted about 50% of | the « entire 
€i weight of the turbine. The weights on this type are about, the , same as those. 


sed on the Francis wheel. blocs oo} ded to 


Speaking of efficiencies, was shown that a smaller type Kaplan wheel 


if installed in Thi an more 80% from 1 about 25% 


‘the movable blades has ua ef 
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ile the water sh by y means of the: movable vanes 
way to Teverse the direction ‘of “rotation: Tf the guide-vanes are elosed 


, the turbine can be stopped by the runner-blades, but the discharge will 


ovable ‘Blades on Boat Propeller—Many x marine propellers with 


blades have been designed, but the Purpose» has not been so" much to adjust 


_ the pitch to the load, as to reverse the load without reversing the direction '. 
of rotation of the shaft. Thome ‘expressed his belief that the movable 


blade would be applicable | to, the problem of towing (different loads so as to 
get more economy out of a tugboat. ‘The on ly question would be whether 


it would pay. to install it., od? dovot ton [hw sobale 
Prien Angular » Movement of . Blades. —Between the position of full load and no — 


80, 


load the total angular movement on the axis of a any one blade may be; roughly, 

1 


— 80°, according to Dr. ‘Thoma. “ee ttention was called ‘to the fact the rate of 


movement the vunner vanes is slower than that. ‘of. the guide-vanes. They 
all begin simultaneously, but the runner vanes | do not reach their poges | position 


cs; movement of the runner vanes quite slow in order, first, not to have too large 
change of discharge, but only enough efficiency to prevent water and other 
disturbances, gradually adjusting the runner vanes to the correct angle. I 
do not know, whether the effect would be very great, but it is p ossible to make 
it so that on an inerease of the load first several guide-vanes are closed, the 
runner vanes retaining the same position. . Then the power of the. turbine | . 
will decrease without the discharge decreasing _very much, and the runner a 
blades are gradually adjusted to a smaller angle, , and the discharge i is also 
oe “Of ‘course, with. ‘the increase of the load the positions should be moved 4 
¢ : simultaneously, because it is desired to have as much power as possible with q 


a increase of Ma vend. they can be arranged so they will increase ‘only 


He explained at at neh the for five of four. Pro- 


to reduce the daniel of or the liability to 

the total area of the blades should be not too small. You need a relatively — 

large | area for blades. ‘If you incorporate this area in four blades, the 

| Slee blades will, of course, come out longer than with five blades or ‘six blades. 

‘ vat That is, when the blades are adjusted - to different angles, the gaps which © 
sat result between the cylindrical part of the outer wall (that i is, the upper part) and 

_ the blades will be greater if we have fewer blades. — __If you had ten blades, for 4 

instance, the gaps would be very small. If you had only four blades the gaps _— 
would be greater, so it is better to have many blades. But with six blades the | 
o design of the hub was too — _ The parts could not be designed sO that all 7 


and i it was decided that it was better to have five blades.” 


Curves—Curves were “presented. to show that, as ‘the draft 
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flow i is ‘danse said Dr. 
omewhat similar to the effect upon an _airplane. — The conlidlant of 
ddenly goes 2s down if a certain angle is exceeded. * _@ © There 
are certain critical angles at which the lifting force decreases, because the _ 
flow is changed quite radically, and that is what happens at the beginning of — 
‘cavitation, with certain shapes of blades. Before reaching the critical point — 
the flow follows the blade, and when the critical point is reached, and cavita- ue 
tion begins, it has another effect; on the suction side the flow does not follow a 
the flow of the blade, but leaves it. This is not necessary. The formation: of 
x back- water space is not necessarily connected with cavitation.” > 


: I nelined Gutde- -Vanes. —If the mechanical ‘difficulty could be o overcome, will 
ae there be an advantage in having guide-vanes inclined instead of parallel? 
Professor ‘Thoma felt t that ‘there an but the 1 mechanical 
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EQUIT ABLE DISTRIBUTION FOR HIGHWAY 


PURPOSES OF MOTOR VEHICLE LICENSE FEES 


in different parts of the country. My. Henderson gave a comprehensive review 


of these. Some ‘believe that registration and gasoline tax fee 


‘should be collected, and spent, by the State for improving rural roads y 


f 
“the supervision of a State highway department or commission. 


many States’ ‘Mr. Henderson, | “it is the opinion that. certain 
portions of the fees collected should be turned over to the county organizations iy 
to be spent for the improvement of roads within the county, under the super- | 
vision of the’ county officials. In a few States it is considered proper to 
transfer portions of the fees fund to cities and towns for use on city and town 
“roads. _In several States part of the fees collected are spent to defray carrying 
- charges on outstanding road and bridge bonds. Im at least two cases all or at oa 
part: of the gasoline tax fees collected go into the general fund of the State _ 
and are used for the general purposes ‘of the State, while in three States part om 
the fees are devoted to educational purposes. od 
“Phe Fundamental Question.—Doubtless the varying opinions on the sub- 
- ject are influenced by local conditions. Eliminating the opinions of the very x 
small minority who-believe that a portion of the registration and gas tax fees 
should be expended : for educational purposes, we find an almost unanimous 
opinion that the funds derived from the above fees should be expended only 
for highway purposes. If now we eliminate all questions as to the percentage hiss 
or proportion. of the funds derived from the registration fees and gasoline tax 
which should” be and reconstruction of roads 


of the abive | other 
becomes a question, of where the money be spent shall it 
_“Btate’s Jurisdiction Over the supposition that regis 


are spent local sub-divisions the State as it could be if spent a 
organization, ‘such asi a State highway commission or department. Regardless: 
of the the State department full juris-_ 


diction 


‘Ener, State Board of Pubic Roads, Rumford, 
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is the opinion of the writer that the:money should 
y should be expended 
— 
— 
be necessary as to > 
the method of improvements. In this way. ‘th 
- 


i confined to cities ; but « even before motor vehicles appeared, good communicat- 
ing roads were being built between centers of population. These roads” were 
mostly ’ financed by t towns, counties, and the State from general funds. Ag 


tration fees and gasoline’ tax fees later provided additional funds. 


In the words of Mr. Henderson, nT 


the hard- surfaced roads were 


WANS 


ie “Until comparatively recently there, was little question but that the funds 
derived from these sources should be spent on such rural roads as would best 
serve the interests of the State as a whole. Now, in some sections of the | veh 
7 - country, one occasionally hears the opinion expressed that the cities should 
_-—s- receive a portion of the fees collected for the improvement of streets or roads 
4 he within the city limits, or that the fees fund should be spent in the political ‘a 


_ gsub-divisions of the State i in accordance with some plan that would take into a 
account the proportion of the total fees contributed by motor vehicles taxed § 
_ within such political sub-divisions. Among the arguments set forth by those § © 


_who believe the cities should receive a share of these fees is that most of the . 
ao traffic in the cities is local and does not use State and county highways to any Pt 
: extent, that many vehicles are burdened with a gasoline tax which are hardly, 7 
- ever , operated on rural highways. The cities also complain that they § ne 
receive no benefit from motor vehicle taxes to offset added expense incurred :* 
sie in traffic supervision, safety devices, and in constructing and maintaining more § ce 
expensive pavements to bear an ever-increasing volume of trafiic. 
Who Pays?—While there is doubtless some merit in such arguments, Mr. be 
‘Henderson. emphasized the fact that money for highway improvements 1 must «gl 
be collected where the money is. Most automobiles are owned within cities’ th 


and, therefore, this group must contribute. Speaking of spending State funds ‘4 


on city streets, Mr, Henderson declared, = 


“tt may admitted that if the improvements on State highways or rural | 
pean roads have reached the stage where further improvements to facilitate trafic J 
_— (mostly city-owned vehicles) are not needed or justified, then a share of the § 
— ee fees fund may logically be spent within the limits of the cities. On the other 1 
' hand, if the funds derived from registration, license, and gas tax fees are no 4 4 
¥ more than sufficient to carry out logical and needed improvements, together § 
with the maintenance of roads outside the cities, then it seems it would be 
unwise to divert any portion of the funds available for use within the cities, 3 


: ee _ because in this event it logically would follow that additional funds sich 


have to be provided for these needed improvements outside the cities, which 
would probably be obtained through :en additional motor vehicle fee, 


city-owned vehicles. bita tiage sd yowom oft otsdw to 
“Taxes on Real Property.—It is sometimes said that the ease with which - 
 SR@tor! vehicle and gas tax fees are assessed and collected prompts certain 
he Fs interests to advocate the further burdening of the motor vehicle owner ‘a 
ag order to relieve the general taxpayer. While motor vehicle fees and gasoline 
* g fees are a legitimate and easy method of deriving funds for highway — 
it 


_ improvements, the assessment of these taxes alone for all forms of highway im- 
: a provement, including new construction, is not strictly justified, even though ~ 
we realize that one out of six or seven persons to- day owns a motor ol hie 
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generally benefits real property. all are aware the manner 

in which property valuations: soar: in the rural districts upon the completion ee ey 

of a modern pavement on a State highway and sometimes even in anticipa 

tion of such construction. ‘This enhancement of rural property is a direct bene 

fit to the property owners, some of ‘whom do not own motor vehicles, and this q 

enhancement of the property usually results in higher valuations and gle 

taxes for the towns in which the property is located; and the veguanent holds — 


Traffic: on Rural Roads. —Three New England States traffic 
surveys: and discovered that 90% 6 of the traffic on rural Toads was by city- -owned — 
vehicles; of. commercial vehicles, 80% "were city- ~owned. Experience in Ohio 


z ‘agrees with this result and. supports ‘the contention that a large portion of the 
According to Mr. Henderson, vith 
demand for wider roads, parallel ‘roads, by- grsde- 
-¢liminations, etc., is constantly i increasing because of the constantly i increasing 4 
traffic, most of which originates in the cities. The construction and improve- — 
ment of State roads has extended the cities’ business to the limits of these 
roads. Comparatively few years ago large business houses in certain cities 
- eonfined their merchandise deliveries to within the city limits or the suburban | ~ 
areas immediately surrounding the city. To-day, these same business houses — 
goods all over the State. If city- -owned _ 
» vehicles were eliminated from rim highways, the enormous amount of money — 
- being spent for modern pavements, wider pavements, parallel roads, ‘by-passes, 
-grade- crossing eliminations, etc., could be greatly reduced, because without 
‘ the city-owned vehicles the traffic on the rural’ roads would not warrant such | 
Commuter _—With the roads’ of day we find pertain citizens 
5 oi a maintaining country homes for the summer months, in addition to their year- 
rural 4 : round city homes. This b has been made possible by the construction of modern “i 
raffic e pavements in place of the former dirt roads which existed in the rural districts et ae 
f ‘a of the State, and we find these citizens among the most prominent in the urging © hie 
other § for the expenditure of large sums of money for wider roads, etc., which will 
re them to get back and forth between their in city. and their 
ether summer ho mes in the ‘shortest possible time. 
ld be _ “Extremely heavy traffic on many roads ‘is confined to holidays and week 
‘ities, ae. and again we find it is the owners of city-owned vehicles for the most et 
£ part: who are leaving the city to ‘spend the day at shore resorts, at country 
a parks, or who are out for a ride and picnic party in the country. It surely 
- would be little pleasure owning a motor vehicle in the city i ‘if one were ¢ con- 


are doing business and delivering 


Henderson advised d against apportioning motor vehicle or tax 


fees to the use of cities, counties, , or towns.” 


State funds for:improving or constructing city streets, it were 


‘ 
definite an ob 


concluded his as follows: wid 


“Since the cities and ‘towns set forth they no from 
these fees for use the roads in said’ towns and it is considered fair 
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as personal equal to or — the tax iy the State as 
fees, and that this money collected by the towns and cities could properly be 
used for road within city or town limits.” dw 


EQUITABLE DISTRIBUTION FOR HIGHWAY 
PURPOSES OF MOTOR VEHICLE 


‘This paper: ‘was an exposition of the problem from the viewpoint: of expe- 
; rience in the State of New Hampshire. _ The gasoline > tax has spread i in popu- 


larity | since 1919 in a way ‘Mr. Everett described ‘as phenomenal. ‘Professor 


Crawford, of Syracuse University, was quoted as saying, 


ek: “Tn only one or two cases has there been a decrease from, one year to 
oie another and even where the rate has remained constant the gross. amount has 
_— inereased steadily. HF Increases in rates have caused corresponding i increases in 
-yield, This in part answers those critics who believed that increases in rates — 
a might result i in hese which would have : a serious effect upon the total sum — 


of “The gasoline tax is, without doubt, the most. eco onomical to Caputo? the ; 
cost in all cases being ‘Tess 1 than 1% ‘with the exception of three. States, that 
we collect from the retailer, this method costing from four to eee times more 
than it does to collect from the | distributor. In New Hamps ire there is no- 


‘ < Sea -eonnected with the collection of ‘the gasoline tax since it is 


done from the State Treasurer’s Office in addition to the regular work, seta t= 


epee “Average Fees.—Since the automobile has been accepted for general use, 

a motor vehicle license fees have been collected by all States, the average rang- 

is ing from $5 to approximately $30 per vehicle, the lower fees applying to ‘those 
States having large registrations w while the higher rates are found in “most 


big on 
nstances where there is large road mileage and low valuation. 


30 “At the beginning of the present automobile age all funds for highway 


purposes were derived from taxation upon real and personal property, but with — 
_ the growth of the automobile industry there has been an increased use of high- 
ways and a demand for a better type of road surface. Therefore, the auto-— 


mobile has been called upon to furnish a large, part of the revenue to = 


Income derived from motor taxation and the gasoline tax 


not be diverted to any “other use 1 than Toad ‘purposes, according to Mr. Everett. et 


While there are e many different ideas as to » the best - way to finance various 


classes: of highways, practically all ay agree t that , pa 


“The us users of the highways should pay how upkeep on the 
primary system, which in most States includes trunk 


highways carrying practically 75% of all the State’s motor vehicle traffic, 
“New Hampshire Highways. —Trafiic studies in New Hampshire have shown 

that our trunk line highways (which total 11.3% of the State road mileage) — 

carry 69.4% of all traffic, Our secondary system of State Aid roads, ie 
otal 13.7% road mileage, 16. the traffic; while ae 
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“total State traffic. ‘On. account of the heavy trunk-line traffic the construction — 
_ must be of a high type or suffer a heavy maintenance cost. Bira*zak - When the > 
original roads have to be rebuilt with a heavier type of construction to carry 
i ow increased traffic and the heavier loads forced upon them by modern trucks 
and buses, it seems only fair that the road user should pay the reconstruction - 
cost: unless” it increases the valuation of the adjoining property. In many 
instances the reconstruction does bring about better conditions ‘through 
region adjacent to the improvement; thus, property valuation naturally - in- 
- ereases and should rightly be assessed for its just portion of the ‘seach oil 
In North Carolina ‘tanptoved highways have greatly increased the value of 
4 en “Effect on Property Values.—By contrast, New Hampshire has been build- a 
ing improved highways for twenty-five years and during that time has nearly, ois 
completed the trunk-line system besides building about 900 miles of State ae 
‘ Aid roads with improved surfaces equal to gravel or better. The increase of 
traffic in New Hampshire due in part to tourist traffic, which is more than 
+ 30% of the total, during the summer months, now demands that more than 60% 
of the trunk- line roads be rebuilt with wider and higher type road surfaces. 
‘This reconstruction program, with but few exceptions, will not increase prop-. B 
erty valuations to any great extent, nor will it create better school facili- 
_ ties or living conditions through the regions in which the improvements ‘are 
= made. Therefore, as the adjacent property owners will receive no. additional 
nefit from the road improvement, why should they be subjected to an addi- | 


“Tt is already proved that the motor vehicle owner will not object to bis 


tax as long as he knows that it is being properly directed toward needed high- 
& improvements. The reconstruction program in New Hampshire is being . 
 earried on by the aid of ‘an increased gasoline tax which we believe is justi- 
- fied. Since more than (50% of our summer trafiie is foreign, our visitors are’ 
helping us pay for the improvements which they enjoy as well as ourselves, — 
since they are able to travel through our vacation-land on modern highways.” — 


d pat The simplicity. of collecting gasoline taxes has ¢ caused a tendency to divert 


- parts of the i income for other uses than highways, but this trend has not spread 
far. New Hampshire practice in this respect is thus described by Mr. Everett: 
‘ “A certain amount of the gas tax money is re- s-apportioned to towns s of low 

5 Die and large road mileage for the maintenance of local roads which — 
2 not on the State system. This amount at present is close to $100 000 and ~ fe: 
a is turned over to the towns’ to spend upon the maintenance of their local roads 3B: 
as they see fit. The State does have a town road supervisor, however, who | 
~ confers with the local town road agents and gives expert advice when called Paik g 
upon to do so, but in most instances the money now paid over to the towns by et BS 
- the State is spent according to the wishes of the local town officers. Since the ~ _ 
— State highway systems are of primary importance to all road users, it would — 
seem that the first thing for any State to do is to complete its main arteries by 
the State funds to be derived from the motor vehicles registration fees and ~ 
- gasoline tax or, if necessary, by a bond issue to be financed from these funds, - 
as we are now doing in New Hampshire. Then when the main arteries have 
beak built and if current revenues exceed the necessary maintenance costs the 4 
_ municipalities m: may be reimbursed by a certain portion of these funds. 

_ funds can then go for the betterment of local roads which are of little Me os 
tance to the general State-wide system. Under no conditions should | the | 
revenues obtained from road users be expended for any other purposes than for — 
toning! roads. Until our State- wide and interstate road systems are com- 
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“Sig ethods of to the present ‘time there are at least 
six different methods used in distributing the fees obtained from taxes upon 
motor vehicles and gasoline. Twenty States return a portion to. local com- 
‘ Mounities, some refunding to counties, others to cities and: towns. The method 


«of distribution i is in some instances based on road mileage, in others on valua- 

ae tion, while still others plan to divide the funds equally or in the direct jas 
- proportion as they are received. However, as to which is the best method §- 
cannot be answered, for each State has its individual problems. The area of oo 


z the State, its population, ‘motor vehicle ownership, the number of counties, the , 
road mileage of each county, together with analysis of the traffic—all enter 
into a solution of the problem. While in some instances the amounts pro- 
iS portioned to local communities have increased during the past few years, the 
greater amounts are in most the States for 


* 


Barlow, M. Am. Soc. E. pine more equitable distribution of 


; . He protested against charging property apreincritrs the burden of 

building and maintaining streets without any assistance from the users of 
the streets, that i is, with assistance from motor vehicle taxes. vd 

In Maine, the State eollects. not only the automobile fees, but also a ‘1-mill 


 € for highway ‘purposes. Some of this is returned, but each year the City 


pa 
funds as urban and roral highways, ¢ on n the ‘relative basis’ of ton- 


“ps 
of Portland pays about $60 000 “to the State Highway ‘Fund. i ‘Mr. ‘Barlow 7 3 ( 

“This gasoline tax. and t the automobile taxes should be all collected by the *, 
State; it should be expended by the State on highways; and there should be no 2 Ge, 

prejudice as against thee cities and towns, and the i inter rural thoroughfares.” 
opinion was further supported by G. Norton; M. Am. Soc. 0. E, 
who stated that in motoring | to Boston from Buffalo, N.Y. it in the cities 


that he was held. up and not jin the country. In his opinion, uti: 


me, “The expenditure « on most of the State highways has produced @ condition 


which traffic may get over the intervening space much easier than it can get 

through the cities, because proper traffic facilities are not provided within the 


bey: “The inhabitants of the city in many are 


ing ‘very largely to the gasoline tax, and in addition to that they are paying a — 
direct tax either through their State tax or local tax to provide | these > aa 
_ “highways through the city streets. To-day, the city user is paying entirely for 
fe - city street and is paying his full contribution for the amount he uses. a 


‘State highway, through his gasoline tax; he i is | being doubly taxed.” 4 


gore Buffalo, ai may now the county. in improving certai : 
streets and highways so as to provide major lines of traffic eer 
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ae “The city be: allowed to an if 0 ch e 


found whereby it can make its streets as suitable for traffic as many of our 
¢ Ih traveling t to > Boston it required | a longer time for Mr. Norton to go the — 
t 
Ere 15 miles from Concord, Mass., than for any y 45, miles across the ‘State ; a 


New York in open country. Hence, his question, at te? 


a “Why should not something be done to provide 


Trafie—How long will commercial traffic be carried 
highways without paying its proportion of. ‘the costs? George H 
Kimball, M. Am. Soc. OC. Ey drew parallel between highway | costs and rail- 


way costs. The average mile of single- track railroad costs about $60 000 and a 


_ highway costs about the same; but : a highway offers. to commercial traffic a 
_ practically free right of ' way al and roadway, items for which a railroad must 
ask a ‘financial return. “There are thirty- -six or more routes of trucks that 


‘operate a a freight and express business from South Station in Boston, to all 
parts of Massachusetts. and beyond. “Blow long,” asked Mr. Kimball, ‘ will the 


taxpayer, on ‘whom we all depend so much, stand the burden? It is 


_ time that the State officials should consider that factor in the problem.” ii yal piety, 


Practice m Boston.—As to the responsibility of the State in continuing 


ag str 


and maintaining State 1 routes through the cities, J. ty Whitney, Assoc. M. Am. 


7 Soc, C. E., agreed. with other discussers. “Until recently the State of Massa 23 
- chusetts spent very little money on thoroughfares i in Boston, but that condition — 


“The State ‘should construct certain thoroughfares which connect. 


own trunk lines through the cities 0 or around the cities. — Quite a large amount 
of money ‘has been spent that way in the City of Boston within the last three _ 


The Artery was built by Metropolitan ‘District Commission 


| 


with funds collected by a betterment tax. The Southern Artery, on the other 
hand, was constructed by State Highway Department from funds raised 


a bond issue.’ ~The cost was about $2 000 000, according to Mr. Whitney. It 
es s located entirely within the Cities of Bost Si and Quincy for ‘a distance of 


three miles. To quote | Mr. ‘Whitney : | teow 


“Those two arteries, if nec essary, | houla be connected by a t! 
to be built by the State either through the heart of Boston or ‘around: Boston — 
on the south and west sides, and the City of Boston should not be compelled — 


: to ay any part of this improvement.” __ 


% siderable litigation enmed until the Legislature finally passed | an act removing a 


refunds to be made. ai 


poor struggling town, as well as s the city 


In Rhode Island, he thought, the town was in a particularly unfavorable 
situation. Warwick, ‘for example, is on. the of Providence. ; In ‘starting 
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"streets Warwick in an to dodge heavier for this’ 
the streets the smaller towns should get some outside assistance. Mr. Murray 
“suggested a ‘distribution | based on the town’ valuation, 


is very in proportion to ‘the gasoline con- 
“sumption on ‘a given unit of the road. ‘He recommended that the gasoline tax 


should be distributed on ip of the gasoline consumed per mile ¢ on the 


Al It was not fair, he declared assess” adjoining property ow owners as much 


as 98% of the cost of paving a thoroughfare. 

assess the property for 26 or 28 ft. of roadway of ordinary strength and the 
4 additional cost would be carried out by some general fund. * * * I donot 
2 “4 believe it is fair to ask the taxpayer who pays upon the valuation of his prop- 
erty, to pay for the building of these highways throughout the State for the 

benefit. of the motorists. great many of the motorists are ‘not heavy tax- 
_ payers. The truck companies and the pleasure car owners do not contribute. 
~much in the way of property taxes; 
Bree he State of Ohio has recently put into effect a new Highway Law that: 
will, help to. overcome some of the problems. The highway system. extends 
Sere through | the cities, and the law, _permits the State to go into the cities” and 
iee participate i in the cost of i improving ‘these highways even to the full amount of 
Ba the eost if necessary. It will help in the maintenance of the highways and 

also in the building of the bridges and viaducts through the City!” 


Separate Gasoline Taz. —To apply a special ‘gasoline tax for city revenue 


would not be feasible because motorists would simply drive out of town to ital 


tl 


their “purchases according | to Mr. Sowers. was reminded that in Ohio, 
cities receive a refund of all registration fees and one-third of the estos 
In Dayton, this, equals as much as $325 000. each year, Cleveland 


a considerable refund, declared Mr. Sowers, but it ‘is all applied 


maintenance of pavements and not for the construction of new pavements. 
. _ Not a Luxury Tax.—This was the view held by Mr. Edward S, Larned who | 
ete, emphasized the fact that, by taxing gasoline, the pleasure cars were taxed for 


the wear and tear far out of ‘Proportion to ) their effect. To. quote directly, a 


: “The gasoline tax has been said. to be ; a fair measure of the use made of 
-_ the highway. Well, it is, in a limited sense, but it is no measure whatsoever — 
of the abuse of the highway, and the abuse of the highway can be traced 
‘to the heavy overloaded trucks that originate in the cities. We have 
express companies and freight companies that have established regular lines ob 
_ business throughout the entire community and into the neighboring States, ‘ 
and that heavy trucking does far more damage to the State highways than all " 
- your pleasure travel. To be sure, they consume gasoline, but it is nowhere in | 
Tatio to” the damage it does to | Cat 
think the funds should be distributed by the State Highway 
aoe gion. I think the State Highway Commission is fully alive to the necessity of 
_ relieving congestion where the State highways pass through the city. _ in 
Massachusetts, the Highway Commission does render small towns State aid. It 
“was the obligation on the part of the State because through traffic passing fi 
a small community would destroy the insufficient roads that 


Tr 
— 
at 
— the 
— 
— 
— 
— 
— Sot 
— 
OL 
™ 
| d 
{ 
— 
= 
q 
a 
4 
x 


Trying to distribute the funds and fees by. ton-miles will bring about impossibl 


Towns in assachusetts. —The State’s obligation to the smaller towns was 


further outlined by. . Marden, Assoc. M. Am. Soc. C. E. He expressed 
ef When the majority. of the traffic on evenings and Sundays comes out of 


- the cities and on to the country roads with the heavy burden upon these par- us 


: ticular towns, that the towns should enjoy the use of the money from the motor 


“Most of the cities in Massachusetts have pavements that ‘be cused prac- 


vally all ; year, declared Mr. ‘Marden: wit “wit ort 


wt “Ip Worcester County, for example, we have 4300 miles of road of which 

probably 1 200 miles, including the roads in the cities, have improved. 

That leaves. about 3 000° miles of unimproved “roads, ‘some ‘them in 

practically the same condition as during the Revolution. have ‘towns 
that are very poor, and it is difficult for them to raise even $2 000 to meet (we ee 
will say), the sum of $4000 by the State and $4 000 by the county. The cities. Eas 


ean generally raise the money for pavements through assessments or through © 


Distribution | of Funds to Minor Political Sub- Divisions. —The trend of the 
discussion led Chairman. H. K. Bishop to call attention to questions raised 


y ©. E. Myers, M. Am. Soe. ©. E., * who the fact that, 
29g teh to Sis, here, 
aw 2 the certain proportion of the gasoline tax were to be allocated to t e 
cities it would have a tendency to reduce other taxes and, instead of devoting ta 
‘itto: toad purposes, the city would ‘simply | cut off from other sources ‘certain 

s to equalize the income. ‘There would then be no more money spent for 


‘oar purposes within the city, ‘and the source of obtaining the taxes would be | 


2 State Efforts.— —Extensive studies of highway traffic on the part of State 


32 


authorities, as described by Mr. Halsey, have resulted i in questionnaires, 


regulations, , codes, and traffic, surveys. These studies are now bearing fruit. 
explained the origin and development of t 
details of its execution rate maia Is 0 


effective i in June, 1928. purpose was threefold, toM Mr. Halsey: 


“First, the of. ‘confusion. to the the 
‘emniicnes of a basic conformity in the signs, signals, and traffic control 
devices used by the Commonwealth and by cities and towmss s—t—s 
et “Second, the maximum safety and facility of through traffic movements — 


upon within the. corporate limits of cities and 


, August, 1929, Papers and Discussions, | p. 1396 
ass. 
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towns: (a) By preventing unnecessary obstructions of routes improp- 
erly placed and operated control devices; and (b) by protecting such through . 


routes from dangerous interference from. cross-traffic by application, where 
necessary, of the ‘through traffic stop’ rule. 


at are the creation of a responsible traffic ¢ engineering agency i in the Depart- 


all communities in their efforts to improve and standardize traffic a 


This effected partly” ‘through the Albert Russell Erskine Bureau, for 


As Mr. Halsey ‘related, information was brosdeset throughout: the State | 


each Chief of Police, explaining the scope and | purpose of the efforts. In turn, 4 


: uestionnaires, 3 300° or more in number, were sent out 0 on which reforms 7 
Bia) 
unified practice could be based. - Besides approval of proposed installations, the 


State Department. has advised fifty cities and towns, on request. ovhel |! 
Another result of these activities the formulation of 
eovering mooted ‘points. ‘That on “Through | ‘Traffic Streets” attempted t 


alle eviate a a pressing problem. Its showed, for example, the purpose of f controls, ig 


proper conditions for success, and the desirable types of § 


Othe er Studies.— —Among - the v various activities 3 of this State Department is | 


£ study of accident records, to show by analysis just what factors unit an 
| 


to ‘safety. ‘Iti is hoped that this ‘will influence the types of construction, light- 


‘ing, and the erection of danger signs. of 


‘Still another effort: has been 1 directed toward a ‘State. wide traffic 


‘This, Mr. ‘Halsey explained, was to show “general. flow conditions’ ” and ive 


a “traffic | pattern of the State.” At the same other data: referring 
ed and ob obstruction particular roads which needed control and 
at ‘the critical points. ae A sample form used for ‘such a ‘traffic 


Adoption of. Through ‘Traficways.—One of the i important of the 
State Department, according to Mr. r. Halsey, was to designate, where necessary, 


through ways, and to give them the e required protection to expedite traffic. 


The’ Division: has “followed: ‘the policy of dealing only with ‘authorized 

_ public officials, permitting them to take the initiative in all matters. Cordial — 

relationships have been made with all sign and signal companies who are 

interested in this State movement toward uniformity. Special effort has a 
Bb made to give immediate attention to all current requests for permits. — 


“oft “Tn all cases other Divisions of the Dopaitaient or ‘other 
ments, they are consulted and their advice solicited. Complete records of all 
transactions, procedure, and plans are’ being kept available for immediate 

Control. ‘Bignals. of the noteworthy acl ievements of Work: 


‘ 
been the formulation 0 of code covering traffic control signals. 
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_and- -go” signals according to the ‘State example of different 
of installation, and the procedur owns ‘to. ‘install the ie 


my 
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y to the State’ code, as given 


installed and operated only where, and dur- 
ing such hours” as, certain conditions exist. For example, the total volume. 
of traffic at the intersection must be equal to 600 vehicles per hour; or that 


part of the total traffic entering from a minor street be equal to 125 


bie -Pedestri an traffic also may have some effect. As expl lained by Mr. Halsey, 
either a total of 250 pedestrians i in all, or a , vehicular traffic amounting to 500 | 


Where the ‘speed is otherwise excessive, in installation is demanded. Again, 
Me. Halsey explained, the relation to other intersections or to the — 
the co- -ordinated system may similarly require traffic control installation. 


it 


tandards of Design —Each signal 1 must have at t least ‘ives lenses 
in the order from top to bottom of red, yellow, and green. In addition, a 


second or third wear lense ma may ‘indicate left and r right turns by ar arrows; 


these are located at the bottom. or these lights the ordinary regulation 


‘applies; except as ‘provided by arrows, there is” no motion ‘Against the 


- One rather unusual provision is that 0 red and yellow light ee show at 
the time.. _ This will indicate, Mr. Halsey, that only pedestrians 
may use the crossing. An intermittent red light is an indication that a full 
he stop is required before e entering the intersection. _ On the other hand, a flash- 
ing yellow signal simply demands caution on the part of drivers. 


nstallation.— As regards ix ins allation of the signals, the is very clear, 


“herewith. Each signal is to affect traffic only at ‘that particular ‘inter. 


Ate Preferably, said Mr. Halsey, t units are located on the far right corner 
and each street has at _ 
“Teast 01 one signal face showing in ‘its direction. 4 companies whe’ 
indicated on the diagram, each signal, is placed as close | to _the tr traffic 
it it will control as is practicable. In height it shall be such that the bottom is a 
between 8 8 and 1 16 ft. above the roadway, b but i in any case less. than one- -fifth the 
istance t to the stop line of the traffic it controls, with. 8 ft. as the minimum. 
s to line, the unit shall be within 1 ft. 6 in. of the outer edge o of the curb, 
‘these previsions bring the ‘standard signal location ‘more than xy 


. 
Standards of Utility—Referring direct] is 
Bulletin No. 2, Halsey quoted th 
of Utilities.” The first “requirement is that “signals may be installed or 
operated only where and when conditions warrant their use”, There is 
: certain reasonableness, he explained, which gives warrant for methods of 
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shall be added. Furthermore, a line of vision of foe, od ge 


requirement, according to Mr. ‘Halsey, is signals" 

must operate at all times... This may either be by absolute control (stop 

go), or arning devices, showing intermittently and providin 


— caution. In case the operation is discontinued for any time, the signal 


“not be visible. the hours of. 11: :00.P. M. and 7:00. My, , they shall be 


turned operation instead of this, however, does not 
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according to ‘the necessity of 


Tn any case the relation of periods within the cou A shall tbe in in proportion i: 
t traffic to be handled. | Similarly, the maximum number. of periods within 


limited, varying from two for a simple intersection ‘to five for a 


sp . A change period (yellow light) must be used following: 
"green period or pedestrian period, and 3 may be used following | a red period. 


shall be from 3 to 5 sec. in ‘duration. Di 


sle-is | 


within a system | of ‘traffic ‘signals is ‘permitted according to 


the n essity 0 each. case. "Where: the system is the speed 


ae 


Progression must. agree with permitted by. law. 


details, ‘mentioned. marked interes was shown 


in 4 is required before the driver reaches the stop line, and each signal is shielded i) g 
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¥covering many of the 


of the « of its operation. j 
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the generation ‘may not be producing better architecture, 


ing to Mr. . Taylor. Nevertheless, ‘ord 
“Tn general, our highway ‘advance has been one-sided. We have, for 


_ most part, been concerned with the mere mechanics of _transportation, 
bare necessities of travel. What engineers have been doing is to lower 
_ highways vertically and to straighten them horizontally, and (better than 


age) to meet the travel impact by support adequate the 


— of transportation. In other words, they have caitent to the aoa 


Moy me was quite sufficient for yesterday, but not for te: ‘day or to- morrow, 


is the most important aspect of Beautiful 

are always the best of their kind. To attempt to reduce beauty to a verbal 
equation is quite as impossible as the absolute defining of electricity, light, or 
life. Nevertheless, to make the. term a trifle more meaningful, we say in a 

_ general way that beauty is desirable completeness; or, more specifically, | that 
se beauty consists of the endless combinations of tone, form, or color that pro-— 
duce spiritual pleasure in the soul of ‘Highway isa topic 


Four w ays "were ‘listed by Mr. Taylor for making highways beautiful: 


ention, elimination, “conservation, and augmentation. 
BEAvTiFICATION B PREVENTION che Be vie 


The foundation. for highway ‘beauty is laid before. the hig! 


structed—in the attitudes of the designer and the locating engineers. 


-funetion is to prevent. mistakes that would have. to 


“ : ad ‘A field party: chief whose big aim is a traverse check, is like the proverbial 
‘ ‘bull i in the china “His: men, with never a ‘thought, chop greats scars in 


few feet that row of ‘pat it never occurred to him. 

2 you are going to keep men like that on the payroll, your particular ‘Highway 
_ Beautification’ will progress slowly. The highway should have a stream line; 3 
there should be no breaks. It should flow smoothly. ‘ona Hinde 
_ “It is not an uncommon. thing to find a ‘very competent. engineer hf 
vision is bounded by his drawing board. One of the finest ‘first aids’ toward a 


the be to give the inside assistants an outside trip, 
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Hig 


Hdowot ‘In the pursuit of highway beauty it i is necessary forthe designer con-— 

stantly to visualize the ultimate effect ‘of his design. ‘In surface alignment, 

_ the curves must ‘be adequate and the tangents part of ; a harmony. In grade, 
“there must be no unexplainable ‘lump’ that the eye of travel detects instantly. be 
4 We must constantly keep in ‘mind the total effect of the completed road. 
ao “thin “Bridge Designers W ith an Eye for Beauty. —Bridge designers are apt to 

be men who are merely mathematicians; very clever with the slide-rule, but 
‘ ~ totally ignorant of the rule of beautiful proportions. Bridges should be some- 
a4 thing more than a structure of designed interior strength; they should be 


: for. external beauty as well. No bridge should be designed without 
competent architectural assistance. The structures of the meen nations should 


for centuries to come. 


That shell hole the borrow-pit, should be and; 
es -entered from the rear or otherwise, in order to avoid the ‘all féo 
common scarring | of the highway picture. 
Many mistakes" are made when the bridge fence meets the guard fence. 
On tangent, the fill should be of sufficient width to allow the guard fence to — 
follow the bridge fence line. On a curve, the guard fence must be concentric — 
_ with the surface lines. : In the case of a ‘vertical treatment of fence jointing, — 
where the bridge grade is higher than the normal. surface grade, the grace 
_ approaching to the bridge by a gradual reverse curve merging smoothly into” 
_ the surface level of bridge, the guard fence should follow the surface, oa 
flow — from and into the normal grade without any offence to the critical | 


BY 


ome of these objects were “mentioned by Mr. 


ilure y to! complete the work properly, 


e conditions., 


constrasiion money failed to provide for tree care efter’ 
ion, maintenance must ‘ ‘get busy’. Stumps left a foot or two high must ee. 
a4 removed, Tt beautification i is to be served faithfully we must get every | ‘dead ii . 
thing off the highway—dead wood, dead tracks. , dead watering troughs, — 
signs, dead wire, dead poles, dead contractor’s junk. 
me ‘bump’ at the railroad crossing must. be out and, 


settlement is complete, the surface drop on either side of its bridge walls 


to forget; ‘the ‘specially undesirable “weeda, burdock, yellow. dock, 
| ie and the like. If allowed to mature, they are not good to look upon 
and ‘their seed. and brush on the inside of curves must be cut 


run behind screens "of trees when alittle saw work ‘will give us 
hats pictures. This is one way of the finest types of highway beautifi ; 
gation by elimination. The cutting out of such views, however, must be done 


by one who has some idea of the composition of the 


jeture, 
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i 34 In the past, the chief destroyers of roadside comeliness have been the 


Wire companies. «Trees mean to them but nuisances ; 


This does not mean that the tree does not suffer. Wires and trees cannot jive 
without ‘fighting. . The t tree always loses. The public loves trees, 
The result is a compromise which is not ideal, but 


the a we can do at "present. _ The model highway is one wide enough to 
Sat _ give wire, water, gas companies, etc., a space where they can function, behind 


“Attention is called, to another improvement by elimination—the replacing | 
of the 50- ft., 8-armed, 10-pin poles of a few years ago by 25-ft. poles coreg 
: the | wires in a cable and running half concealed among the roadside trees. 7 
“As a result of a definite ‘program, trees in Massachusetts are receiving 
a considerable eare. There are very few dead trees on our roads, _A roadside 
me tree has a tough fight for life; the wires above, the pipes below, and the auto- — 
"i mobiles midway, make every day an increasing hazard. We are giving injured F 
trees as much attention as possible—cabling | the splits, filling the cavities, 
and ‘painting wounds, straightening, pruning, and shaping them, 
them more of a chance. are “man’s best servants and deserve 
man’s best attention.” 6 vabind ott. mt 49% Biche 
Clearing the a technique based on experience so that 
trees and shrubs that would add to ' the natural beauty m ay be ‘conserved. In 4 


‘The roadside should be studied as to selective cutting out, hard- 


woods and evergreens being given the preference. * * When a desirable 

- tree is noted the surrounding | growth should be por and the sapling cor- 
trimmed and encouraged into a proper growth. sid silt 
of course, apparent that highway beautification i in any of its phases 


is possible only as a result from some degree of education. This is ‘especially r 


‘4 necessary in this particular stage. The workman must be handpicked and 


must know the treasures of his roadsides. r Only men with a real interest fo 

nd in the work are worth while. Given just a little to build on, . such at 
- interest i is easily established. yp I find that some of our men, who a few years’ 
ago knew very little about roadside growth, are to-day reading into the sub- 


ject, buying expensive books, using the cultural terms; in short, acquiring a 


roadside technique. And it must be so, for how can a man develop a road- 
side, unless he is familiar with ite factors oft Bo 

boa tue. By AUGMENTATION 


In general, said Mr. Taylor, the best practice is to avoid 


p the roadside as ‘hatural’ as possible: Or 


Ber. “Introduced trees, shrubs, vines and plants. will be used with inereasing 
intelligence as the highway beautification idea moves on. 


_ “The monotonous planting of mile after mile of straight rows of ‘evenly 


paced trees will not serve the coming generation. More and more 


——— Nature’s inimitable way. There can be no better teacher. The scarlet 
of the woodbine on the gray rock, the glowing lily against the lightened wall, § 
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ber, 1929.] HIGHWAY DIVISION 


TRAFFIC ISLAND TREATMENT. 
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Te 


n concluding his remarks, Mr. that 
ne 


: 
grade, and sur- 


ems of transportation been solved. ‘met the and held it. 
% _ There will be no new surface materials. The hard work is over. We have 
reached a contemplative period of highway history, when we the 


may be done better. : 
Your splendid highways in a present frames, beau 
without a thought of «esthetic improvement, are amply fentaleaad 4 to con- 
tinue as able ministrants to the mere physicality of living. They will carry — 
just as many loads of ashes, just as many bales of rags, just as many pounds 
of fish; but to my mind, I have suggested the step beyond—the more excellent — 
way—the refinement of method—the charm of completeness. 
current runs, “What are you going to get out of it? It is my 
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E VEYING AND ‘MAPPING 


SURVEYS FOR SWIFT RIVER RESERVOIR OF THE 
METROPOLITAN DISTRICT \ WATER SUPPLY 


ed Swift River Reservoir to be constructed for the ‘Metropolitan — 


MITE 


4 Water District of Boston will ‘collect ¥ water from an area of about 186 sq. miles. 


Of this, 88 sq. . miles will be required for Teservoir purposes, , including practi- e 


$ cally the entire Towns of Enfield, Greenwich, and Prescott, as well as ‘paver’ a 


it ree 
f at least ‘seven other ‘towns in ‘Central Massachusetts. 


a In describing the 1 region, 1 Mr. Hammond stated that the population in sd 


“Swift River Valley i is 3 only about 20 persons per sq. mile and that the land is 


~ covered mostly by woodland, varying from scrub growth to n mature timber. 


"Beginning late in 1926, topographic surveys were made within the basin of “4 


flow line. At the same time, , property line and surveys to determine 
real estate holdings, ete., were being made. AT blot th ‘oft 


_ Triangulation. —The general t terrain of the valley was found to be ideal fora 


rood. system. 1 of quadrilateral network, except. that considerable difficulty was ao 


= in ‘tledne stations so as to be readily visible. along the axis of the _ 


~ available within a small areas for a check and tie-up of land surveys — 
of all descriptions. Throughout the Commonwealth of Massachusetts are many 
triangulation points of known geographical location, also all town corners with 
— careful description supplemented by ‘actual survey sketches. A more general 
use of the data at hand would do much to correlate the many surveys which’ are 


Field Methods. —In referring to Swift ‘River, mention was made of the Fast, 


Middle, and West Branches, running general ly southward, so ‘that, 
“The | general network consisted of two chain of qpedriisterale,corering. 


br ought in order that a proper check might be available for the 
a few cases, polygons" with an interior . station ‘were included in 
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ted as to permit ‘setting = transit the 
d n engin s transit: graduat to minutes,. Six 
repetitions of each made of of the figures of 
the network was generally kept well under 8 sec. The triangulation network ; 
was laid out with the requirement that no angle be less than 27° and with — 
triangles as nearly equilateral as possible. 
a. base line about 1 mile in length was precisely chained by the slope 
method’ of chaining, using a standardized ‘Chicago tape with spring balance. 
ne From the base line the system was developed to the major net of the triangula-— 
tion. By ‘utilizing the old existing triangulation points in the network of the 
system, with the published locations of these. stations, it was possible to 
employ — checks to the new system. From main network of 


located as the of detailed survey developed.” 


Co- Ordinates.—By ‘establishing axes of. reference far enough outside the 


eas surveyed, a system of co- -ordinates was ceteemin ed euch that all the values 
positive. Fo or this purpose, the plane of reference assumed tangent 


o the earth at an “ahi point near the center of the region, ; Specifically, 


vertical co-ordinates are parallel to a tangent to metidimn, 
72° 18’ 00”, west of Greenwich at its intersection with north latitude, 44° 22’ 30” 


all horizontal are parallel: with a to the Parallel of 


co- -ordinates of all established triangulation points were computed the 


ns 

“Traverses’ on true azimuth run into ‘the area to be surveyed from 


— “tho run by use oa the stadia, calculated, and closed back to the gi meal 


established by a line of precise levels 
transferred from the Wachusett Levels were taken from these 
bench- marks, by vertical angles and topography was located: entirely by! the 


pie x ‘stadia method . Ultimately, said Mri Hammond, about 28 000 acres of lan 
Hes will be thus surveyed and enough detail is recorded to permit plotting contours _ | 


at 5-ft. ‘intervals on a scale of 1 in. = 200 ft... _ While the topographic’ survey ; 
included information that would be useful in ‘the real estate the two. 


o 
Real Estate —The Commission is ‘empowered to acquire land right of 


eminent domain, but to date (October, 1929), that has not been found necessary. et 
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ae 4 eS area bounded by the line will then be acquired. During the years in which the § 
Enabling Act was being prepared and discussed, most of the property owners 
affected, were made cognizant of the need for their holdings and many of them > 
a jj subsequently offered the land for sale. When a parcel is so offered, according — ' 
— 
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iD MA APPING: DIVISION 
Its location is approximately’ determined “by the field ‘office in order ‘that 
need for its purchase may be determined. The: property is then appraised by 
agents of the Commission and purchase. Prior to the 
actual transfer of ownership, the title of the property | is examined by the Legal — 
Department and if metes and bounds or acreage appear obscure or inccura‘e, | 
_ surveys are requested of the engineering office. * * * In the actual sur-— 
-veys, a rigid requirement is enforced in that at least two independent locations 


be “made of each eapenne corner where corners are e located as ‘side shots from 


“Plots are made to a scale of 1 ‘in. = 200 ft. All traverses are dhecked 
‘back to themselves or other checked traverses; lines being run on a true azimuth - 
derived in the beginning from the triangulation net. As often happens in- 
undeveloped country such as is here en countered, it has been found that 

exact more or less" obscure even to the knowledge of the 

_ owner and. _it becomes necessary to examine . carefully deed and title of | 


abutting» owners. ‘in order that atl Property in the vicinity of the surveyed 


‘The Legal Department has, titles on properties that might be 
“ needed i in the future as well as those required at once, Photostats of title 2 
abstracts are supplied to the engineering force, who are thus kept continually 
V4 informed and are ih a position to push the : survey y work ina systematic m manner. ap 


Os One practice of especial interest is ; described by Mr. Hammond, as senowee 


preparation, of maps for actual oavisiton of real. 


write out their analyses for review by the Legal Department. A suggested 
description for possible deed conveyance also accompanies a return of the map 
of the property. This requirement has the tendency to make certain that 
necessary bounds, line of appear properly on the 


analysis of. deeds, and. suggested description, . septate. at first to be cea 
burdensome to an engineering force, but. as such analyses would be sequived . 
mentally i in the process of survey, the actual writing of the story soon became a 


- trahning of personnel to proper real estate survey, but also > in the placing on 
record of the reason for each bound, line of occupation, or map line emborlied | 

if 
ys. —The work of the aerial s surveyor, prior to any ground work, 


was given an appreciative mention by 1 Mr. Hammond. Contact prints were 


furnished of 100 sq. miles, | photographed at an elevation. of about: 12 000 ft. = 
_ above ‘sea level. ‘The resulting seale was approximately 1100 ft. to the inch 


on 1 by 9-i -in. ‘sheets. ‘et The contract provided also for prints enlarged to a scale Ey 
= 400 ft. It was f found, however, that even on single contact prints the 


"elevation varied. as much. as 500 ft. in some cases, The resultant camera 
distortion made the enlargements of little value. 
Be Nevertheless, Mr. Hammond made it plain that, 


“By considerable study for the proper placing of control, ratios 


could. have been deduced 80. that a “reasonably accurate mosaic could have been. tm 
ji dovnload F or the | purpose of our work ‘it appeared that the contact prints in 
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hertwelvies, were clear: and of be aphed as. 
ground survey developed a control for the needs of the work. — The contact . 
prints have been in more or less constant use since their receipt and have been 
valuable in many ways. to- ode thera 


of occupation or ‘by. variation in timber growth, the possibility « of 
proper location in the field. In cases of three of the towns affected by the Swift 
River Reservoir such lines were pantographed to a skeleton map of the town. 4 

- With these data on the map a perambulation of the town was made in com- 
pany with it its assessors to determine approximate ownership of lands within the _ 

town. Lines which had no significance as property lines” ‘were crossed out 

in the field and a somewhat crude map of property ownership within the town 

was developed. _ Such maps have been of considerable advantage to title — 
' @xaminers in the tracing of ownership titles. The maps were executed simply _ 


as an ai aid t to an accurate ground survey of the area. vy, 


de Cemeteries. —On all projects. of this kind, ‘the transfer of cemetery sites 
al 


ways 8 presents many interesting problems. — "see! Hammond’ s account of one 
‘such case is given in full, herewith: 


4 


ithin ‘the area required for reservoir purposes are located d several ceme-— 


E ie been surveyed, including a location of all monuments and markers ae: a 
bf with the exact location | of the indication of all burials. _ 8 Copies have been i 
- - made of inscriptions on all stones and so far as possible data gathered as to 
actual lot ownership. A census burials in the to be 


“A card index system has developed sovering the of each | 


Bie oy data are m less obscure due to the absence of old town records, but : as 


ea actual removals are made it is probable that public interest will make known > 


much of the missing history of actual interments and of interested parties. <4 


ae Ma apping. .—The field notes for all classes of Surveys are p lotte together on 


‘standard sheets. (24 by 36 in. ) of white | paper, mounted on cloth. . These sheets q 
are desigt ned to match, edge for edge, and there i is no overlapping. Standard a a 


itles and the graphical scale are printed on the sheets before they are ¢ delivered A . 
to the field’ office. ‘Each area plotted is is given a number, corresponding to th yh q 


consecutive map ‘number., The margins are made parallel to co- -ordinate lines 


oe and detailed data are plotted by means of a paper protractor with an arm, or by 
‘Two tracings are made from each drawing: One of the topographic features. 
and the other of ‘real estate holdings 3. The. advantages are best described in 


a “With the early assignment of sheet numbers to areas included within | 7 4 


with information concerning lot ownership. In many cases the latter 


definite co-ordinate limits, it became easily possible to control for reference, 


the location | of any data taken. Triangulation stations were given numbers 


which corresponded to the number of the record sheet on which they ah 4 
occur and all data taken in the field have been correlated to their proper sheet 
- number. Loose-leaf notebooks have been in use and the data taken ‘are F 
Aes grouped together to form books having a number the same as that of the ; 
tat record sheet on which the data would occur. This system has siemfied: tee | q 
- matter of keeping in order, the information secured. If a field party is assigned q 
- to a definite task, it can, by locating the sheet number of the area in which it 7 i 
is interested, immediately secure all available data which have been ‘taken q { 
previously in that particula rea and és ean reduve its own’ 
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he > LAD" PROPOSED SWIFT RIVER RESERVOIR gall 


op 
G MAPPD 
Areas are mostly by means of or by 


: scaling from the record map. . T ‘The sum of all small areas ¢ on any sheet must be 


equal to the theoretical. area embraced by that sheet. This forms a check | on 


Photography office does all t the developing printing of 


23 


photographs taken n on the work. The standard size of print is is 5 by in, 

mounted on white cloth. - Photographs are taken of buildings, cemeteries, ‘ete., 

- that may be wanted for the purpose of real estate valuation. & For the purpose 
of filing and {dentification; a blackboard was placed i in the view. On this board 
are written the name of the: property owner, the date, ‘the “number of. ‘the 
photograph, and the record sheet number of the drawing on which the view 
“appears. A white or a black arrow is placed on the ground to indicate the 

Fe direction: of magnetic ‘north and, later, a ‘small sketch is drawn on the nega- 


tive to show the position | of the camera with 1 respect to the view. ily, a Se . 


i jh 


_ Personnel —The surveying and “mapping of the Swift River Valley» was 


puch ‘VERSUS STADIA 


B. M. Am. Soc. OC. E. 


ne According to Professor Breed, Mr. ‘Hammond’s paper devel es a surveying 
nique in. its performance, although quite common in its ‘general 


involves procuring a a deal detail, the accuracy of which ‘is well 
‘ean controlled _ where needed, yet sketchy, if I may use that word, where a low 
degree of precision is sufficient. Itisa problem i in surveying economics. — In 
: — such problems good judgment based upon considerable experience is required — 

_ in order that the survey-dollar may be properly reflected in the resulting data — 
or plans. — It is very easy to spend too much money on unimportant parts of ww 
_ the survey and too little on essentials. In fact, the opinion of well- raliged 
surveyors may properly differ as to the most practic: of surveying 

methods to apply to reach a balanced economic result. 
_ “While my judgment somewhat differs from the ule 8 in a few instances, a 

should be borne in mind that he was on the site and that I have not been — 
M upon his project ; he sees conditions first-hand while I am viewing them through a 
lucid description of the conditions he ex encountered.” 


control of the entire survey appeared to Breed to have been 
logically laid out. It was ‘properly joined v with the triangulation ‘stations 


established by the previous “Massachusetts State Commissions. Many 


‘veyors would g gladly make use of such data, but, unfortunately, private projects 
ES too often have to be started before the surveying party has had time to connect — 


# it with the Government base of levels or triangulation control. ie In State work 


of the | “ character described it is more ‘readily done than in private ] projects, 


because more: time is often permitted for ‘preliminaries. ‘tals 


* Prof. of Railway and Highway Eng., Mass. Inst. Tech., Boston, Mass. 
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Professor Breed 


am a little surprised to him [Mr.. Hammond] say that, in t e 


triangulation system used, a 1’ transit was ; employed. . The idea of using a 10” — 
transit may be abandoned on account of its weight, but a 30” or 20” transit 

: the same weight as a 1’ instrument is readily obtained. By using a 20” 
transit the adopted precision could have been reached more quickly; or, with | 


reached for. the same cost. sia: bib: fo at bodiews ott tad 


. “Tt seems a little unusual to measure | the base 2 lines with an seataid stee 
tape and determine and apply emperature corrections throughout the work 
_ when an invar tape could have been used and temperature corrections omitted. 


Be Of course, the i invar tape is more brittle and requires more care in handling © 


lee. ols fie application of the plane co-ordinate system of location of a all points is at 
Be especially adapted to the ready replacing of lost points in a district where so os 
‘much cutting of timber and general change i in immediate surface of the terrain 
is tobe made.” vis tus 14 oilt hon aout us 
Transit and Stadia Versus ‘Plane- -Table.—While the control of the topo- 


2, graphical map by triangulation | and by precise levels is excellent, Professor 


Breed questions the advisability using transit and. stadia for detail 


raphy. In the open country the plane-table has very. distinct ‘advantages ove 
the stadia and transit methods. Even in wooded countries > he or the 


fe) _, “The number of points that have to be located i is muc mai er; the s 


points in the he can so represent the of the ground q 
as can a good topographer who sketches the contours in the field and governs ~ 

_ their accuracy by the position and elevation of a few intelligently selected es, 
aint and, lastly , the cost. is less for a given accuracy of plan.” 


The Cruising and Sketching Method—As a constructive ‘comment Pro- 


. fessor Breed suggested an alternate | surveying ‘method for ‘special conditions: 


aes “Tn dense woods, like those described by Mr. Hammond, I have found that | 
the following cruising and sketching method gives satisfactory results for. 

7 great deal of topographic work of the character he had to produce, _ ‘Stadia — 
lines are run by plane-table and alidade through clearings in the woods at 
intervals of, say, 500 to 5 000 ft., preferably parallel to each other; and contours ~ 
are sketched. ‘on either side of ceed: cleared lines for a short distance into the - an 

dense woods. The topographer then cruises the country between these stadia — 

_ lines by running compass lines (usually at right angles to the stadia lines) at, 

‘ gay, 100 to 300-ft. intervals, starting from one stadia line with the elevation 

determined by stadia level, and. running at right angles through the woods to 

i the other line, sketching contours on a small hand sketching board as hé a 
using Locke’s level or a clinometer for determining elevations and checking — 
these elevations as well as position at the other stadia line ahead... ii(i‘isS 
‘a “Then he returns on the next range to the first stadia 09 alana as he 


stadia line. He ‘to next pair of ranges, running, 


say, south on one and back north on the other, checking out at each time on his 
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devels, his. distance, and on his position up and on the stadia line as 


- reaches the clearing where the stadia line is run. This method: gives an 


c independent control on all the topography, It gives a check on all the cruising lot 
work, and it is the most economical method I know of for obtaining fairly :@ 
accurate contours in heavily wooded ‘districts. The transcription of the §. 


‘contours drawn on the sketching board to the plane- table discloses any 
apparent error, which should be corrected immediately in the field.” 


Surveys of Cemeteries.—As to cemetery s surveys Professor again 


a substitute method to offer. This he did in a series of explicit directions: __ 


 ~—s- “First, select a system of triangulation, the vertices of the triangles being © 
outer corners of stones marking cemetery lot corners. These triangles 

ean be, | say, 400 to 800 ft. ‘on a side. mi Measure these distances with a tape. 

Plot them on the plane-table sheets by use of beam compass and scale. Use i 
these points for the control of the detailed survey to follow. The plane- table 4 pr 
is set up at the corner of one of these stone bounds, oriented by sighting on — 
another triangulation point. : Several other existing easily recognized monu- § P° 


ments are then “cut in”. The plan e-table_ is then taken to another triangula-— 
i. tion point and these same points are “cut in” and thus located on the plan. an 


- = does not require sending a man to the monument for the sight. eo MOK 
“Then an iron rod three times the size of an ordinary lining pin is driven | 
a the ground at the plane-table station. This iron rod is driven through the © sh 


tape ring. . The tapeman measures the distance from this pin to the various ru 
lot corner markers and the plane-table man “cuts in” the direction with the bas 

: <7 alidade. He then scales on each line the distance called off by the tapeman | a 
ae, and draws the boundary lines of each lot and records upon them the lot, its § © 
serial number, and the family name. fror aihate dil: ot 
RNS “Two men are all that are needed in this field party. They can survey a hs 
pee large number of lots in‘a day in this fashion. It is well not to extend the meas- m 
_ urements from the plane-table beyond, say, 80 to 100 ft. Then the plane- table - 
should be moved to another point which has been located from the last point. § 
Wee any time the plane-table man can “cut in” his position from the many a 


2 monuments which appear on his sheet, and thus check his position. In fact, 
it is well for him when he starts to “cut in” three or four characteristic monu- F 


“The next step is to measure » with the tape the four sides of each lot and — y 
_ the two diagonals. These are recorded to the nearest 0.1 ft. on the plane- nal Ba 


Office Work. remarked Professot Breed, were kept for use 
on a rainy day. bt Individual lots are plotted on large cards in card- catalogue 


es form, the upper half being cross- -sectioned ‘and the lower portion in Hines = 

“columns. Their use is as follows: 
“In the upper portion the lot i is plotted to the scale of 4 or 
ei.e coe 8 ft. to the inch. _ These are plotted from the four dimensions and the two 
‘In the lower portion of the card the tabulation of names, dates of birth 
oe and death, etc., are recorded. These are copied from the cemetery records. — 
anne “The card is then taken into the field, and at each individual lot the head- 
stones, footstones, and monuments are located by tape measurements. and 
ranges. Each grave is identified from the list of interments in the lower portion — 
of the card and from wording of markers, and if there are interments that 
- Sg be found that are indicated in the list, or graves that appear on the 

lot which are not in the list, further investigation is made to determine who 
the person is that is buried at that spot, or whether or not there is” any 
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that: (1) It is controlled by the measured triangulation, and detail of every 7 


ing ‘lot i is drawn. while that lot is before | one’ 8 eyes; (2) it t requires only two men in 
field party; (8) i it is economical ; and of for 


had Professor Breed had ‘maps (or contact for 


eing 
izles Ta. 
ape. 
Tse where the one that would not show up well 
able print. These places can be readily marked by 3-ft. strips of cheese- cloth laid | 
yon § at right angles over these points or laid in the form of a circle around the _ ee 
ynu- points. Such little white crosses or circles show up clearly in the photographs. RCD 


an excellent practice. - In y wood lots | these should properly show the position - 
blazes marking property y limits; and, where different blazed lines are ; 
iven encountered on the same general property line, the apparent age of the blazes ee 
‘the @ should be determined by cutting into the trees and counting the annual & 
ious rings, and these facts should be noted on the analysis so that the line adopted — ; 
may be supported by the strongest evidence found. 
_ “While the edge of tim mber clearings | which usually shows up clearly in 
dhatent prints is some evidence of property lines, it should be supported by | 
_ other evidence, as a rule, for it is not uncommon to find that when timber | 
has been cleared an encroachment on to adjacent property has been carelessly 


“Identifying Property | Lines.—The analysis of evidence of property lines | is 


made, : which | damage may or may not have been adjusted. 


=" The scope of the general discussion turned to the relative merits of stadia 
and 1 plane- -table methods. F. HL ‘Kingsbury, M. Am. Soc. C. E., defended the 


‘use of the stadia method, because of weather conditions. Mr. Hammond de- 
clared that although the plane-table was his favorite instvument for such work, _ 
he chose stadia because the field personnel ‘was more familiar with that method. _ 


ee Professor Breed replied that he did not recommend straight plane- table 


i 
work for the Swift River surveys, ut a combination of field surveying with — 
‘sketching. tables. Only the shot. through. in She would be 


> METROPOLITAN DISTRICT WATE R SUPPLY 


"The base. for. the levels run on the Boston Metropolitan District Water 


Project was established, in ‘connection with the U. S. Coast 
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SURVEYING AND 


“established Government bench-mark Mase., slong: the 


were run in and the Swift River: Resor. 


voir Basin’ and to the various shaft sites along the tunnel ‘line from ‘the 


af 


bench marks: we: were ‘established at intervals: of 
ay miles. The line of levels between two bench-marks' was broken by temporary 
bench- ‘marks i into sections from 3000 to 4 000 ft. long, except where special 


conditions, such as t the extremely hilly country: which v was encountered o on some — 
Coie 


of the. -country runs, made shorter sections advisable. jog 16 


nin this way in order that an error between two 


the entire distance 
miles. his saves considerable time case an error, is made, especially 
t 
in hilly « country. where progress is comparatively slow. 


\ 


LINES OF LEVELS RUN IN AND AROUND THE PROPOSED RIVER Rzakevorn 


No bench-mark was designated as permanent unless it was 


or far enough apart not to be affected by the same disturbing cause or causes. 


_Leveling.—Except when. ‘specific | instructions are given to proceed other- 
wise, all lines are to be leveled independently i in both the forward and backward | 
- directions. . It is desirable that the backward measurement on each section — 


¥. ‘should | be made under different atmospheric conditions from those which occur 
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ward 


ecember, 1929. 


backward run in the if. the forward is made in the forenoon, 


AE 


Ale the. atmospheric conditions seem to remain the same throughout the day, 
observer | should secure as. difference | between» the. forward and: 


backward runs. as is possible without materially delaying the: work, for that: 


On all, sections on which the: foward and backward r runs) differ’ by more. 
than.the aceepted allowable. error, which is generally ( 0. 02 VK (in which, K is i 


‘the number of miles), the section should be re-run until a any two ‘runnings i ins 
directions check within the limits of the formula. AS! 9 diols ig 
The length sight i is ‘usually. determined by the topographic and meteoro- 

conditions, but should never exceed 400 ft: ot ok 
Abe The e length of of sight between the > forward ¢ and backward « stations should be 
kept as nearly equal as possible by | pacing. ad ot 

i‘: When it is expected that the forward and backward : runnings of the line are AA 
to be be completed up to any one place, the elevation at that place should be held — 
by two. temporary berich- marks, established at least one set- “Up of the »insteiedi, 
ment apart. When the leveling is continued from or to such a pair of points, fy 
the instrument should be set up between them and rod: readings taken 


The same arrangement of points should be used at the com- 


‘other used only as. a’ against mistakes in reading the rod, or a disturb- 
ance of one or both of them. _ By this method, no mistake of a foot made in’. 
reading the rod, held on a bench- -mark, will escape detection. elt oad [ t260 bodtow 

_ The party consisted of five men: Chief of | party, observer, recorder, two tod-; 
‘men, and an» umbrella. The instrument used was a Berger 3-wire 
level. The Molitor rods were u used, and these rods have shown, af after various 

- tests, that no rod corrections were necessary. Steel turning points \ ‘were e used 1 
at all times, except when running along railroad tracks; then < common ten-. 
penny wire nails were driven into the ties and the head was used as a a turning | 
|) = - The steel turning point was driven into the ground with the aid of a 


hammer. J After the rod. readings were obtained . as the t bac ck- -sight the re rear rod 


pulled his steel pin and moved forward. ogo? 7 31 odt To 


_ Bench-Marks. —The bench- marks used were of two types, one ‘eliate ak 


brass rod, 6 in. long, roun on one end. The shank of the rod'w Was 
threaded for a length of 3 in. These r rods were in large bouldern, ledge. 


outerop, | and concrete bridge abutments. fa. alorg of tore 
The other type of bench-mark was an i iron | . rod about 5 ft. long and bent ‘ 


on one end - hole approximately 18 in. - in diameter v was dug i in the ground — 


for a depth af 5 ft., and there ® filled 1 to a depth of at least 18 in. with concrete. 


The: rod was embedded in ‘the concrete in a vertical position, 1 bent end down. 


After the concrete had set, at least 24 hours, a piece | ‘of 2-i -in. “pipe was set 
- around the rod, resting on the concrete, | 80 that the top of the rod Ww as about — 


4 in. below the top of the pipe. | A cap prevented the senna of water, and ev, 


‘the hole around the pipe was refilled with 
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as isc tripod legs ¢ are fitted with metal points which eae heat and ¢ cause more 4 
or less s settlement when set on frozen ground. Then, again, it is = practically 
¥ impossible to drive steel pins into frozen ‘ground and steel plates are not — 

wholly dependable as they will also move if left too long on warm days. 
‘The umbrella is used only when the sun is shining brightly e nough oe 
cast a shadow. © The idea of the umbrella is to keep the sun’s rays f from affect-— % 
ing the instrument by expansion. ‘When the instrument is being carried from 


 Equi- -Distant leveling: cross- country in hilly it is 
practically impossible to keep the instrument equi-distant from the back-— 


‘sight and fore- sight, but t the recorder should k keep the observer well informed 
as to these he can equalize ‘them as soon as possible. if 


fore-sight is, say, 100 ft. longer than the back-sight, then the observer, | 
on the next set up, should ‘shorten up on the fore-sight enough to correct this 


difference, without any expenditure of time for. this particular purpose; so at 


back- sight is generally taken first. and the observer reads all three 
eross-hairs beginning with the top hair. a are read in feet, tenths, hun- 
_dredths, and _thousandths, and immediately recorded. The fore- sight is read 
dikewise as s soon as possible after the back- -sight to avoid any 
due to settlement of the instrument. The _ wire intervals are immediately 4 
worked o out by the recorder, and if they do not differ by more than 0.006, 
- eihialivwes) selected as a maximum, the instrument was moved ahead to the 
station. If the wire intervals differed by more ‘than 0.006, the readings 
were t taken again. On some jobs the wire i interval is allowed t to vary with | the 
length of sight from 0.004 to 0.010, but they wi were , kept low on this particular _ 
ips. for more or less of an experiment, and the final results showed that the. 
_ error of closure and the percentage ) of re-1 running was s kept : comparatively low, 


without. sacrificing speed. otal aavith foot: a 
Progress-—The speed in leveling is greatly dependent ‘upon the 


following tabulation shows the “speed attained | ‘on this work and is 
based on levels run in and around the proposed Swift River Reservoir: itn, 


es It does not include levels run along the main line from Springfield to Boston : x 


Average working hours per 6. 15 
Total mileage (including “re- runs”). | 135. 
Average number of miles per ‘day.. @ haw 


Maximum number of miles any day... of 


Avera e number of miles per hour..... wee 


on | double- was 30.0085. ft, giving 


avels for this work fel 
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an average error of | 


closure of 0. 009 oVE. The: average ‘error of for single- run circuits 
(loops) was 0.01 A Kk. Of these 135 miles, 7 miles, ¢ or approximately 5% ore 


COMPARISON WITH CASCADE TUNNEL 


Henry B. Assoe, M. Am. hi nati 3 
Comparison: of results obtained on surveys the Cascade Tunnel on the 
‘Great Northern Railroad furnished the subject for this discussion. This 


tunnel was dedicated January 12, 1929. It i is 7.78 miles long, and saves 7.68 r . 
miles in distance. The ‘maximum: gra e is. 2. 2%» and the sharpest curve is 


6° as compared with 10° on the longer line. rid on. duh 
. Professor Alvord showed a number t of slides i illustrating the surveying prob- 
i _ The topographic map of the project was drawn to a scale of 1: 125 000 


om contour interval of 1 te eax bas of 


The errors” of on; the ‘survey work for Cascade ‘Tunnel were 


ert East Portal to Mill Creek (2 miles) : to aacuisg | 


ve 


CO-OPERATION OF THE UNITED STATES. 


_ By J. B. Bascook, 3p,t Assoc. M. Am. Soc. C. E. pie 


“Water. in ¢ 
additional data by: with regard to 


levels in Massachusetts. Regarding his own experience, he stated: 
“In 1928, the U. S. Coast an Geodetic Survey ran a line of precise letinde 


é “connecting Providence, R. I., Boston, Mass., and Portland, Me.t This leveling, fe 


* Prof., Civ. Eng., and in Chg. of ‘Dept., Northeastern Univ., Boston, Mass. = 


Prof., Railway Eng., Mass. Inst. Tech., Cambridge, Mass. 10 
al, Boston Soc. of Bngrs., level to. 
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a : he beginning of his paper Mr. Harris mentioned briefly the co-operation 7 a 
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with in the b: 
States at three places—Yonkers, Poughkeepsie, and Rouses Point, N. The 
‘Boston Society of Civil Engineers was requested to co- -operate in “bringing 
city officials, public utilities, railroads, ete., in touch with the local’ ‘repre- 
sentatives of the U. S. Coast and Geodetic "Survey. id On that zoate.theouch 
¥ Boston, the levels were connected with the railroads, the Navy Yard at Charles- 
town, the dry dock at South Boston, and the City of Boston levels. The Cities 
of Lawrence, Haverhill, and Lowell were also tied into these precise levels. 3 a 


Ba sail “With this line of precise levels between Providence, Boston, and Portland, 
the eastern part of Massachusetts was well provided with levels. Back in 
s 1823, the so-called Van Orden line of levels was run from Boston to Albany, 
Jog Y., under the auspices of the Massachusetts Topographical Survey through § 
oe a co-operative scheme between the States of Massachusetts and New York. § \ 
- _ Unfortunately, the levels. of that portion of the line in New York State have 0. 
¥e not been found, and there is no record of any tie point, which would indicate 

= how precise ‘those levels were. It has been the desire of the U. S, Coast and 

Geodetic Survey to reproduce that line at some time using the Boston and z: 
Albany Railroad J adivedh base line; but funds have not been available to ‘carry B 


However, when the ‘Metropolitan District ‘Water’ Supply Commission pro- § 
a posed to make surveys for tunnels and reservoir sites, it was thought advisable Sf 


have a -operative arrangement between the e U. Coast Geodetic le 


Survey and the Water Supply Commission. oe this way precise levels could 


~ be run for the twofold | purpose : of providing the | accurate datum needed by | the 


‘(anton enti. of establishing a backbone in an east-west direction across 
4 the State which could be tied into by the principal cities. | Proceeding, Pro- 


©The levels were started at Springfield from a previously established ' U.S. 
“Gail and Geodetic Survey bench-mark, and the line was run by this co-oper- 
ative method to Oakdale, near the ‘Wachusett Reservoir. These levels fur- 
- nished the bench-marks needed for the work of the Water Supply Commission. 
The U. S. Coast and Geodetic Survey continued from Oakdale to Worcester 
and thence via the Boston and Albany Railroad to Riverside to a tie point 
-with 1923 precise levels. I believe the U. S. Coast and Geodetic Survey also 
ran a line north from Springfield to connect with its system at St. Johns- 


“This has resulted in providing a definite backbone from Springfield | to 
- Boston via the Massachusetts Central Railroad (Boston and Maine System) 
and thence to Worcester and Boston, and a line from Providence to Boston and 


“pot “The Boston Svciety of Civil urged the cities 


and the public utilities in Massachusetts to tie their level’ datums into the 
U.S. _ Coast and Geodetic. Survey mean sea-level, detam which extends from 


Canadian border. It is recognized in most cases ‘it is ‘not ‘practicable 
a ned Of a city to change its long established datum, but it is of the greatest importance 
Petia that the differences in datums be known. The direct use of the bench-marks 
of the U. S. Coast and Geodetic Survey, in connection with large-scale projects 


involving a number of cities and towns, will prove a ——- and an econom- 
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Tnited GENERAL DISCUSSION. 
repre- L160 


rough on the small errors. ‘closure cobtained iby Harris, ‘Some? of 
aarles- B the trouble that occurs in leveling has been due to inaccuracies in the gradua- 
Coastal in Rhos L. ‘Holland, M. Am. Soe..0. E, 
____ &f stated that all engineers should be obliged to use the standard datum fixed by — 
ck ir 8: Coast ‘and Geodetic ‘Survey. ‘The Rhode Island State ‘Board of 
Ihany, Public Roads has ‘set permanent bounds all over ‘based on Coast 
rough and Geodetic Survey Station in Providence. ugabivib to motezs tale 
York. § Proper M onumentation -—The Chairman, Birdseye, M. Am. 1. Soe 
> have § 0. E., called attention to lack of co- operation in Baltimore, Md., where, at — 
dicate one time, there 1 were nine | separate datums. 
m and 3: “An equally important phase of that question”, according to. Cheirmen 
-earry Birdseye, “4s proper monumentation of level b nch-marks. with due regard 
J displacement, from frost or other causes’ ‘of disturbance, and it will interest 
skal: any engineer who has anything to do with leveling to know that both the 
no pro- Coast Survey and the Federal Board of Surveys and Maps have issued standard _ 
visable specifications for leveling operations’ and for the monumentation of the 
sodetic level bench-marks, with which it would be advisable for any engineer engaged — ae 
by the bed Instruments for Precise Levels.—Chairman Birdseye also recommended the ot 
across gradual replacement of the Wye-level, or first- order level (as it is called in 
Pro- the Government Service) with prism level. It was his expressed. hope that 
a some ‘one | would design “a light, easily portable, and still accurately ‘operated 
"prism level, so 30 that the levelman can the bubble at the: time that | he sees 
point TRIANGULATION IN MASSACHUSETTS AND ITs CON: 
ey also a buy NECTION WITH LAND COURT REGISTRATION 


jon This paper is a compact ‘account of the history’ of: ‘triangulation 'i in Massa- 


chusetts.. Mr. Hale states, in detail, the methods u used, as well as we 


methods, F ull credit is given to the pioneer. work of Simeon Borden. ae 


towns 

the Early ‘Surveys. —The towns of the. Commonwealth were ordered, in 

s from in 1830, to file with the Secretary of State plans showing the 
fe ae features and the boundaries of land owned yey the State. , In 1830, a surveyor 
ible for Te 
ortance 


te, Commonwealth of 1846, BIRT 


* Associate Comme, _ Dept. of Public Works Div. of | Waterways and Public Lands, Boston, 
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Concerning surveying abtivitics to 1794, Mr. Hale states: 
ee. “Tt is, of course, well understood that there were no Federal public lands in 


the Thirteen Original ‘States. Those lands” which had not been granted to § tion v 
individuals, were retained by the States when the Constitution was adopted, in the 
and such land was either granted or sold under authority given by the State § tion : 
Legislature. _ Previous to 1785, under the Massachusetts Bay Colony, the Court § betwe 
granted lands or plantations to groups of men called proprietors who, in turn, § in siz 
set off land The remaining land came to called common and ¢ 

es. and undivided land. The title to some of these lands is still the cause of § town 
much litigation. " Many references are found where committees were author- | tabul 
ized to make surveys and lay out locations, but there is no evidence that any § of lo: 

_ system of surveying was adopted or that any of the maps mentioned are avail- ‘not b 
able, except such partial plots as are found on file i in the registries of deeds. The putec 

ee rectangular system of dividing territory into townships and sections as adopted a: 2 
eid ie by Congress i in 1784 in laying out the United States Public Lands was not in § 4 ee 
Vogue in the Thirteen Original States previous to 1785. Early descriptions 
aN By and surveys were based upon the topography supplemented by the use of the § @ net 


The datvey begun in 1830 was complete ‘at a cost of ‘about $70 000. 
‘The base line, 7.3882 miles, was | in the Towns of srattiold and Deerfield and 


1 
was measured with apparatus constructed by Mr. Borden. The 
- said to have been so accurate as to check, in two measurements, within 0.25 in. 


_ The ends were marked by crosses in copper bolts‘set in ‘rock: 

In | attempting to connect the town surveys with the genera ‘triangulation 


were found to be so inaccurate that much extra field work v was neces- 


compass and chain and the monuments used were ‘generally watercourses, | 


‘six 1 
J) «sary. . The latitudes and | departures ¢ of hundreds of points, each referred 1 to the ‘meal 
a center of origin in one of five sections in ‘the ‘State, are given in the original ee 
‘report of this survey. Mr. Hale stated tha at there is no evidence of these B a 
ee points having been used i in recent years, and that many engineers do 1 not even ang! 
Later Triangulation as as “follows 
“En 1844 the United States Coast Sei nonin a base line on the loca- ang 
tion of the Boston and Providence Railroad. It was 103 miles long, the “poir 
_ northerly end was in the southeastern part of Foxboro and the southerly end sing 
in the southern part of Attleboro, eacl 
“From 1844 to 1847, using this base, several primary stations were estab- the 
lished i in Eastern Massachusetts. “Since then and up to the present time, the 
‘a re. S. Coast and Geodetic Survey has established hundreds of triangulation bt 
-—-—s- gtations along the sea coast, along the shores of the Connecticut, Merrimac, how! 
- and Taunton Rivers, and on the islands of Martha’s Vineyard and Nantucket. Bigs 2 
of the points used by Borden were later brought into the network 
established by this | survey. ze The report of the U. S. Coast and Geodetic Survey > | 
1894 “(Appendix 10) gives | the location and geographical position of all tris 

points so determined within the Commonwealth at that time.” Pars — 
a _ Continuing his outline, Mr. Hale stated tl at, n 1884, the ‘Massachusetts ss 

Topographical Commission ‘was appointed to work in conjunction with the al 
S. Coast and Geodetic ‘Survey to a topographical map the State. ‘var 


urther developments were as follows: 


“During the’: years” 1895- -1898, 1 using primary triangulation stations of 
aS ‘the survey as a basis, the Commonwealth established a network of triangula- J oe, 


E wy tion extending the entire length and breadth of the State. The eee 
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"December, 
_ the basis for all the triangulation surveys made since that time. In ets ald 
| tion. with this work, under a legislative act, between 1885 and 1914 all the angles — 
in the boundary lines of the cities and towns were connected with the triangula- — 
‘tion system and their geographic positions and the azimuths and distances — 
between the angle points computed. The results of this work have been published — 
in sixty- -eight volumes in atlas form, and copies are filed at the State House, _ 
and copies of the atlas for any locality are filed in local Public Libraries and on 
town offices. The geographical co- -ordinates of the town boundary stones as 
tabulated give the latitude and longitude values to the nearest 


not be used for points without first their ‘values re-con 
puted to three places of decimals.” 10 


ngular Measurements. Concerning precision, Mr. ‘Wale’ observed that, 

The accuracy of determining the geogtaphic positions of these stations by - 

a network of triangulation is due to the method used in measuring the angles ea 
oe the care and accuracy with 5 which the signals are built and plumbed | 


ao _ “The signals — are made of poles from 12 to 25 ft. high, , marked with a A 
‘large white flag at the top, and banded with alternate black and white toe ee ‘ 
about 2 ft. in length. There are as many bands as the length of the pole will 
ie - “The method used in measuring the angles in the triangulation : system, i 
as follows: instrument is at random, usually near zero, and 


six times and the cumulative angle read and This reading is 
m mean of both verniers, and, after the e setting | has been subtracted, is divided by | # 
6, giving the accurate angle. For convenience, call this the angle between — fat 
Stations A and B. In the same manner, the closing angle between Stations 
Band A is measured. This will close the horizon, and the sum of these two — 
angles should be, of course, 360 degrees. This horizon should close wichin 
5” and the error of closure should be equally divided between the two angles. ate 
If the angle i is of great importance or very small, this process should be repeated — 
several times and the average of all the observations | taken as the true — 
angle. In many large triangles, the angles are repeated in several sets of six ee 
pointings each. _. Sometimes as many as sixty pointings have been made. for a ; 


each is usually cullokent to give excellent results. i To offset instrumental error, 
the best results are obtained by inverting the telescope after every three 
pointings. Sometimes the angles are measured in combinations of three, 
Ato B, B to C, and C to A, dividing the horizon error by 3 and applying the ies 
triangles" where sides are 5 miles long or more, the closure error 
should not be greater | than 3 seconds. In triangles where sides are from } mile 
to 5 miles, the closure should not be greater than 10 seconds. _ In smaller — 
triangles, the error of closure may be as great as 15” and the accuracy of the _ 
“AN three of a triangle should be. measured when practicable.” 


Data.— 


survey data over large areas, is ‘to furnish local surveyors 
fixed points of beginning and convenient means of checking their work, 


amasing”.. said Mr. Hale, “how little use is made of this 
oe work gh those having in charge the preparation of surveys and ay wooed of 
en data be, Sed: in various 1 
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Borden: had. in mind that the points | established by him would be used from 
ime to time in the making of all public's surveys and that eventually they would 


* i “The faulty descriptions in land « conveyances, obliteration: of monuments, 


of many ‘surveys and and large conflagrations which destroy bea 

are 

an Cor 

we: sur 

“points in our present system, no attempt is made t to correct fer improve them,” “fon 

Surveys near Boston.—The City of Boston laid down the foundation 

system of rectangular co-ordinates: ‘about 1891, using the State House as an a das 

origin, and by triangulation and | traverses surveyed most of and 

Dorchester and filed plans showing the results. 

apintt eae unfortunate” said Mr. Hale, “that this work was suspended and. not 2 

| ¢arried over the whole city so that all its public streets and lands [old and § «d 

|. “The State Department of Public. Works hoe used this co-ordinate system, La 

based on the State House, in its surveys in Boston Harbor, and the harbor 

| lines as fixed by statute are given in rectangular co-ordinates, but it has not he : 

4) used this system in conveying | or taking land, or ii in laying out its streets in a 

Metropolitan District Commission uses a rectangular system based on on 

the State House in its surveys and takings for parks. = .. .. 

vati “The Town of Swampscott has an accurate co-ordinate survey referred to § © tr 

bas origin within the town, and, by relocations, all its old streets are now § of 

determined by co-ordinate values, bearings, and distances, and 

_ streets laid out are referred to this same system and all points properly § °° 

-monumented. It is doubtful if any other town within the Commonwealth has § °° 

 gacompdished as much so far as surveys of its public properties are concerned. § 19 


«The City of Worcester is now working on an extensive co-ordinate survey of 
assessors ‘plans and, while the values of the. points and traverse 
stations have been computed for the purpose of making an accurate plotting, 
eared! is never carried to the extent that co-ordinate values are used in the | 
deseriptions of new streets or takings of public lands. 
MT he rectangular co-ordinate system came into wide use during the World 
_ War on battle maps.. Various systems were used in Europe, but in this country 
ectone system has been adopted, based on the polyconic projection. The zones 
are 8° wide in longitude, and each zone has its origin of co-ordinates. On all 
. = U. S. Geological Survey maps recently published, the rectangular ¢co-ordi- | 
4 - nates are shown marked in red on the margin of the sheet. This system is 
described i in the U. S. Coast and Geodetic Survey Special Publication No. 59.” 


Massachusetts Land Court.- This Court was created in 1898. 


addition to establishing the ownership of the Jand it determines the boundary 


lines which thereafter remain definite and fixed and are not disturbed by 


“Thus? quoting from Mr: Hale, ‘ ‘all precautions a are taken’ to secure 


tna accurate survey and plan supplemented by sufficient monuments to enable all 
. ‘lines to be replaced at any time. _ This plan, called the filed plan, is. made by a 
private surveyor under instructions approved by the Court and costs ‘are paid 
9 _ “The Manual of Instructions issued to surveyors ‘sets forth briefly » what is 
j not sufficient then addi- 
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from 


would 


rents, “tion of. all In gh cases” are on file. showing 
stroy and distances with latitudes and departures computed ; if not, data 
are available 80 that these calculations may be made. ‘Where the survey is not 


survey is assumed and contiguous surveys connected with: it. This is: Seva 
on until the gt group of surveys is, in turn, joined to some local origin connected 
the State Tringulation System. and then refigured_ when sub-diyisions 

occur. Until this is done each survey is referred to a system of rectangular 

based on an assumed origin conveniently located. | 
¢ is _ “An accurate geodetic survey establishing triangulation points, supplemented baw 
= _ by, precise | traverses compensated, for error, and trigonometrical co-ordinate ee 
d ae _ values assigned to stations within certain districts located near enough together 
and ? so that they could be used for local work would form a complete and accurate 
a: skeleton upon which to connect registered land and would preyent embarrassing 
ae E accumulations of errors, gaps, and overlaps, and furnish one origin from which — 

hor all could be reproduced. ‘The expense a survey is 3 prohibitive, but 


and 


vant 


“triangulation a ‘used when within or hear’ -land being surveyed, and 


of requests made directly to. the U. S. Coast and Geodetic Survey, | the latter 
reported. in 1915 that it would shorty publish a new book giving, information 


on call ‘triangulation points in “Massachusetts. book was published in 
oi? 


To convert geographical co-ordinates into plane co- -ordinates he 


R M. vA formula was first used, and later simplified by tables prepared by L. A. 


Chase, an Assistant Engineer in the Land Court. In 4921, the U. 8. Coast and 


tting, eodetic Survey published the book, “Relation ‘Between Plane Rectangular 
n the J Ordinates and Geographic Positions” giving tables for transformation bf 


-ordinates. Publications Nos. 71 and 76 should be ‘in the possession of al 

r 


zones CAS a practical illustration, Mr. Hale described at | length the solution of eg a 


“three- -point problem i in establishing a new point by secondary’ triangulation fo 


“use local survey in the Town of Barnstable. 


BENEFITS OF STATE TRIANGULATION) 


Go Summarizing the paper presented by ‘Mr. Hale, Preston 


* “Triangulation in Massachusetts,” U. S. Coast and Geodetic Survey, ‘Bulletin 
Special Publication No, 74, U.. 8..Coast and Geodetic Survey. nol 
Prof. of Geodesy, Mass. Inst Tech., , Cambridge, Mass. 


i 


_ tional data are forthcoming by order of the Court. These surveys and plans ater aa 
such that when the decree of the Court is issued based upon the approved plan, gg 
_ called the registry plan, there is shown on the plan itself or filed with ee 4 a 
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k to every. ‘town corner and every important 
‘point in the State boundaries by geodetic co-ordinates derived from triangula- 
tion, so any lost- or displaced corner could be re- “set from these co- | 
ordinates. This she succeeded in doing. The ‘field work was completed, ‘the | 
ealeulations ‘were made, and the main system was adjusted; and the results 

were published in such form that they are readily available to any one who 
| He deplored the fact that ‘several, towns had made appropriations and had 


ae done considerable valuable § surveying work, but that the result is’ now of no 


“Massachusttts kane her job, and did it well, and the results are available 
b for use by engineers; but are these results being used to the extent which 
‘9 they should? The general opinion seems to be that they are not. If so, what is 

_ the real reason? The answer to this seems to be that there are two more thin gs 


“Publicity and Education.- gain 
4 the data of this survey are here for their use. Some “of them seem hardly aware 
of its existence. Those who know about it may not realize its extent or in 
“To “many ‘persons ‘ triangulation’ ‘sounds highly anda difficult. 
Me - They know that they can get the data they want with transit and tape, without 
, studying up a new subject, ‘such as inverse solutions, so they hesitate to attempt 
to base their work on that of the State. There should be a little campaign of 
_ education to show how simple it really is to convert latitudes and longitudes 
plane y) co- -ordinates with which every one is familiar, 

“woilia ‘If engineers and surveyors could be reminded of the existence of this sur- 
a vey and told in a few printed | pages the simple methods of using the results, 
more time and money might be saved, and the accuracy of surveys increased. § 

a “The Three-Point Problem —In the smaller ‘European countries (Holland @ dec 
and Denmark, in particular), extensive use is made of the _ ‘three-point 
ae problem’. _ In fact, it is the standard method. So many church spires, flag § sol 
- Poles, ‘and ‘stand-pipes are located by plane co- -ordinates that no better loca- B Co 
tion is needed than can be obtained from these. The instrument is set at a ™ thi 
corner of the ‘property, two precise angles are measured between pairs of by 
triangulation points, and then the traverse proceeds in the usual. way. From 4a 


a the published co-ordinates of the trigonometric stations, and the two measured 


angles, the co- -ordinates of the first station may be found. The others are dif 
derived from the traverse itself. It is quite possible : that our State triangula- @ wa 
tion’ could be more often used in this manner, mc 
“Aeewracy—When connecting surveys with the State triangulation there 


is one matter that should be ‘carefully considered. Triangulation is accurate 
at the start, but the accuracy necessarily falls off as the distance from the base J g 
_ inereases. Triangulation that has been checked by a new base or by the 
~ closure . of a a loop, and the : angles adjusted, is certain to be accurate within the 
- pequired limits; but in a survey like that of Massachusetts, there are likely to 
be many spur lines, connected with | other triangulation. these, there 


has been no opportunity to. detect the error and to distribute it. “In some 
localities the engineer may find himself dealing with two such spurs, which 


have. approached each other, . but never have actually been connected . In this 
_ case he gets the : full amount of the error of both lines, and the triangulation ot 
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perhaps less than the measurements h h self is it i 
important to observe how the Positions were obtained and have 
“Finally, there is one benefit to be derived from a general use ‘of. he Stat 
- triangulation, regardless. of the accuracy obtained; that is, that all | surveys are 
referred to a true meridian, and not to a jumble of magnetic meridians ‘and: 
- assumed meridians. If all surveys are tied into the State triangulation, , 
will then of ‘overlapping?’ if 


U. 8. Coast 1 


H. B. . M. Am. Soe. 0. It the 
fashioned inverse problem can be solved in about 15 min., or less. _ The ony aati 
requires: looking up only three logarithms and three tabular values. the 


triangulation of North Adams, Mass., in 1922, Professor Alvord stated that, 
“Fi 


rst of all I changed all of the geographical points to . rectangular - co- go 
italiane by this little handbook, and then all the other triangulation work | 
was and was done the basis of plane It worked out 


Chairman Birdseye called especial attention to dias: 
‘solution | of of point 
problem. 


using graphics, because there i is a phase of the problem by which you make 


deductions from the adopted point by use of graphics, and you can bring | a 


five or six or ten or twelve or thirteen triangulation stations in the same 
solution, thereby strengthening it very much. “7 ‘You will find it in any of the 

Coast Artillery Corps publications that deal, with artillery surveying, ‘and i 

think in most of the publications relating to surveying that were published 

af the G-2 Section of the A E. 


was the ‘element of New J ersey, all highways « are being surveyed and 


‘monumented 80 ‘that ‘eventually all will be connected with: the State- 


Examination of Old Notes—Too much emphasis cannot be placed | on 
caution in the acceptance of old notes upon which to build new work. 


example, one di cusser reported having found churches that had ‘been move cae: 


distance, or church ‘spires that had been rebuilt off center their 
_ According to F. H. Kingsbury and E. W. Branch, Members, Am. Soe. C. E 
the land ‘surveyor. may find that recorded triangulation stations, one after the 


other, have been moved people, | or "that land have 
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AMERIOAN | SOCIETY CIVIL ‘ENGINEERS 


PAPERS: AND D DISCUSSIONS 


This Society is ‘not for any statement made or opinion 


EFFECT OF “TURBULENCE | ON ‘THE REGISTRAT) 

Davin. L. AND Froyp A. 


ee paper describes a ‘series of experiments which _ Were conducted or 
several types of current ‘meters for | the purpose of ‘determining the effect of 


.S turbulence, or variations in direction, and rapid changes in speed ¢ of flow, on 
their: ‘registration, In contrast: with experiments hitherto made by moving 


the meter in still water, these tests were made. by holding the n meter stationary - 
a controlled stream of water, neste, 
The results of the tests are shown in di d the 


tan 


as a the process ‘of 
natural streams, also frequently “used ‘similarly in open 
channels. The meter is usually ‘rated or calibrated by pulling it at definite 


speeds through quiet water. Although ‘such a rating may be perform ed with 
extreme accuracy, it is obvious that the stream-line ‘condition is generally hye, 


as “quite ‘different from the more or less turbulent flow encountered by the meter 


am 


when held | stationary in a moving current. In fact, parallel filaments of flow, alae 
when as are duplicated in ordinary rating methods, are seldom seen in ‘water. Fis 


“flowing in either ‘natural or artificial channels. On the contrary, the main 


stream current ‘often ‘appears to be the : of numerous cross-currents, 
rotating vortices, a and eddies. - This i is particularly true in natural channels. 


turbulent conditions exist in canals, and | gauging stations may usually 
bel located a at the lower | ends of long tangents where the degree of turbulence 


discussion on this paper will be closed in April, 1930, Proceedings. 
anlves Senior Drainage Engr., U. S. Bureau of Public Roads, Iowa City, Iowa. cleat gh any 
t Prot. ot Hyar. Eng., Univ. of Iowa, lows City, 
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‘must be made in head and the tail- -races of where ‘here 


Ailing ‘masses of moving the whole mass of the stream. 
other r words, each eddy is, in effect, a separate » body of water having a momen- — 
tum of its own entirely different both in direction and magnitude from that E 
main current. When the.impact of such body is transmitted to the 


moving wheel of a current meter, its registration, for. the. ‘moment, will be : 


different that, obtained i in the uniformly flowing stream. 


vidual velocity measurements meade at a 
subject to considerable variation for no reason than 
18 not held long « enough at the point to obtain: an integrated ‘mean re | 


senting the true average current. _ Believing | that such departures may be of 


. Nevertheless, even in pi considerable 


io will ie obeead in two consecutive readings of the ordinary dura- 

and the possible: departure increases with increasing turbulence. 

Current meters are mad 


e in various styles, but all have a rotating element, 


is generally 80 that the moving wheel forms, through the proper — 

mechanism, contact in a ‘compartment where the electrical terminals for 


registering its revolutions a1 are 2 placed. — Thus, the number of revolutions of the 

wheel: may be ‘obtained by connecting the ‘meter with an electric counter, , bell, 
buzzer. Some meters are constructed so that ‘the contact is is made after the 


wheel has turned | a certain number of revolutions as 1, 5, 10, 25, or 50 
2 from the speed of rotation as measured over | a definite period | 0 


velocity: of the flowing water is determined. 


The current meters in common use may be classified as of two types: 


cup type i in which the wheel rotates about a vertical, axis; and ‘the screw type Z 


n which ‘the. e wheel or propeller. rotates about a horizontal axis, ordinarily — 
intended io, be held parallel to the direction of flow of the stream. _When a 


meter is held at. a definite point in a turbulent stream, ‘it may be. sai ‘upon 


during successive instants by different stream filaments which may be flowing 


in various directions and may have various speeds, if the current meter 


is held rigidly at one place, the, wheel will then be acted upon, not only by 


stream filaments which strike the rotating | ‘element at various angles, but ale - 
by filaments: with appreciable variations in speed. The combination will cause 


‘the speed of the wheel to- be. alternately and retarded, There | has 


existed hitherto a dearth of information regarding the effect of rile hie in 
flow on the ‘registration of ‘different t types of current meters, . and it. was to 


a} 
hrow light. on this question | that the present investigation was made. 


studies have been made in the past to determine the 


ex 
j 
wi 
a 
— 
— 
— 1% 
= 
irom the usually good velocity conditions found at most gauging’ stations; but 


under abnormal conditions using either o of the ‘common types. 


meter. Nearly s all canal gauging stations and 1 many river + stations h have condi- 

that yield readings to an accuracy that is within 1 1to4 per cent. Excep- 


tions to. these stations occur where ‘gaugings be made: ‘From a 


idge, with pier obstructions disturbing haga flow; (2) in mountain streams eae 

canals with bottoms strewn wit roc ks of various sizes; (3) on streams 
where whirls, and boils with mud and sand travel slowly with the stream; and 


(4) y where gaugings be. along n narrow crests that develop 
sularity to. to the flow. At such stations the “hydrographer particular! rly 


a meter that will be actuated by, the forward components of velocity only, pro- 


the meter equipment is such that he can the instrument 


¢ greater than the down- strean 2 


course, , will ‘reflect the direct velocities which 2 are 


parallel filaments of flow, would involve ‘yelocties low low. 


summary of the comments of American experimenters in this field is 
given in the “Appendix. “The ¢ experience . of these investigators seems to indicate a 


that, under normal conditions such as exist at the > majority of gauging stations, 3 


current meter is to be regarded as reliable instrument for measuring 


water velocity. Obviously, the best available conditions for stream gauging 


should always : be sought. ~ When eddies do exist, ‘some meters have been found 


to register ‘more, and others less, than the true forward component of ‘the 
turbulent water. 


“This forward component is equal to V cos in which, 

; “fw the velocity of the water, and a, the angle between the direction of local 


flow and the axis of the stream. . Hereafter, this component will | be referred = 


as the ‘cosine com onent”.. 
When these experiments on current meters were begun it was expected that 


would a simple matter to put a given meter into a a smooth, straight, 


uniform channel, ¢ carrying a a _ known, constant, parallel- filam ent flow, y, 

observe the meter reading ; then produce violent turbulence by artificial means 


and measure the changes produced in the meter readings. making» the 


trial, however, it was found impossible to obtain | consistent results that could 
be interpreted to any useful purpose. Therefore, it became to change 
expand the entire plan experimen 


another 


complete i in 2 or 3 in years. 


The experiments "were at the Hydraulic Laborator of 


University of Towa, during December, 1924, May and ‘Tune, 1925, al 1 May, 
1926, by D. Yarnell, M. Am. Soc. Senior Drainage Engineer, under 


a the direction of S. H. McCrory, M. Am. Soe. C. z.. Chief, Division of Agricul- 
tural Engineering, U. Bureau of Public Roads. M. Woodward and F. 


Nagler, Members, ‘Am, Soc. C. E., of the State University of Iowa, acted as 
advisers, m aking ‘suggestions during» the conduct of experiments and 


oll bor ting in the ‘Preparation of the data ang the report. aes eo 
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ade on the eleven current Figs. to 8, 


-” Several of the meters have adjustable contact points so that the 
“meter may record various numbers of revolutions per contact. ‘Ih these tests, 


ith certain exceptions that are noted where used, the ‘maximum ‘number of. 


‘revolutions per contact was used for each meter. 


should ‘be noted that ‘the Hoff meter has a rubber propeller. Since 
‘with gravity of 1.3, is but little heavier than water, p presum- 


this meter has less bearing friction and responds, 2 more Teadily to changes 
n the velocity of Ww ater than the all- metel meters. Obviously, also, the flexible | 


rubber propeller is. unlikely to be injured by contact with floating débris that — 7 
might break or bend the metal propeller. 


Big: The water used in the current-meter experiments was drawn from the 


Towa River above the University Dam into the. Laboratory Testing Canal 


whieh i is 190 ft. long, , and 10 | ft. . wide. In the « canal, below a water- tight bulk- 


head, was constructed a ‘smooth concrete box- flume (see Fig. 9), 4ft. wide, 4 ft. 
deep, and ft. long, in which all the experiments were made. _ The ‘meters: 


were held I by rigid rod suspension in the water, 10 ft. up stream from the lower 


es of the flume. - The entrance to the flume was rounded with a 6-in. radius. 
| ‘For all the experiments the water flowing i in the flume ‘was kept exactly 3 ft. 


deep so that the cross-section of the stream was 12 sq. ft, The constant dept! 
was maintained by means of a -_check- -gate across the canal below the flume. 


This gate was a loosely fitting rectangular panel, hinged | at the bottom, 8 


- that its crest could be easily adjusted to the eight necessary 


water ‘surface above at exactly the desired elevation. i, 


All the water flowing down the canal passed ‘the ‘fame and 


"measured by a 10- ft. suppressed weir near the lower end of. the canal 
weir was” 8.03 ft. high ‘and had been constructed with great care to secure 


-Thaximum precision for other laboratory research, during which the computed — 


discharge was checked by volumetric measurements of the flow. ince the” 


ross-sections of the canal above the flume was several times as great as that 


of the water in the flume, the velocity of flow in the canal was low, ‘and, in 


ae effect, the - ume was drawing water from a quiet pond. | ‘The smooth rounded — 
entrance of the flume thus produced | a stream of remarkably uniform velocity, ; 


me much like a jet flowing from an orifice. When there was no obstruction in : 


fe flume, measurements with a current meter at eight different points in of 
cross-section showed almost no measurable variation in velocity. ‘The loca- 


tions of the ‘points and the measured values” of the velocity are show 

“ _ The quantity of water entering the canal from the river was controlled by 


large head-gate. 4 Just below the head- gate is “a small ‘submerged sluice-gate 

which may be opened to allow water to esca e from the canal back into the 4 

river just below the dam. ‘This sluice- gate ¥ was used to make the finer adjust 


ments in regulating the flow th u as 


ugh ‘the canal and flume. — 
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be me until 24 cu. it per sec. was flowing over the standard weir at the __ 


lower end of the canal. eC hen, the hinged ‘gate below the flume would be raised Be 
until the depth in the ‘thins was exactly 3 ft., thus producing a velocity of 


exactly 2 ft. per sec. Throughout the experiments the river fluctuated 


slowly, so that when the head-gate had been once set, it was “easy during jee 
any experiment to the. variation ‘quantity of water to a a small 


Fic. G. 10. —CRos TION OF CHANNEL LOOKING UP 
_ Crosses INDICATE METER PosITIONS USED IN EXPERI- 


MENTS THAT ForM First 


ia Since all the meters tested had not been ‘hte recently, and ¢ since e the study 


Car 


was concerned with the change i in the reading < of the meter for a certain defi- 
nite change of conditions and not the absolute value of the meter readings, it ‘ 
was decided at the beginning. of the investigation to compare each meter with 
itself only; that i is, in each test the | meter reading under what might be called “eg 
normal or standard conditions was compared with the reading of the same 


meter when some abnormality of condition had been introduced. Under this 
plan. the investigation ‘could have been | confin ed to one type of meter, or it. 


At the end of each day it Ww as necessary to close the big head- -gate. 


gate hee not easily be set with precision, the range of regulation by 


after ‘she ‘head-gate was in n the morning considerable time was vas requited 
for the hook-gauge at the measuring » weir to come to 4 a steady constant value. ae A 


This made it to conserve. time. Therefore, of 1 or 2% in 


‘etting was. s held constant. series of e 
meter under t test. Consequently, ‘where results are > shown, f for example, for a is 
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velocity of 2 per the given for one meter may have been ob- 
vq tained with an actual velocity flow of 1 or 2% less than 2 ft. per sec. and swith | 


another meter with an actual velocity ‘of 1 or 2% greater than 2 ft. per sec. 
“This. procedure was considered justifiable since, whatever actual velocity of 
obtained, it ‘maintained constant throughout all, the experiments on 


one meter, and ‘the readings obtained with one meter were compared with 


es only and not with the readings of any, ¢ other meter, 
Jot 


y 


aT 


in a flume carrying a 
constant “quantity of water, varying degrees of er purposely 
-ereated by the insertion of different types of baffles and obstructions. These 


obstructions were create a definite and fixed constant disturbance 


in Fig. 10. iis 


The fixed obstructions: creating “the turbulence were in n the 


oe , or by a vertical pier, but the most disturbed con- 


4 dition was ‘obtained bby the devices resembling stationary paddle-wheels, shown 
in Fig. The disturbances up by the stationary paddle with a vertical 
axis were quite different from those produced by that with the horizontal axis. 


‘The horizontal axis was so as to the the 


and 5 (b). ‘Eight definite location 


bf ft. up stream from the testing section. In some experiments the eddie! were | 
produced by or lateral obstructions in the flume made by a 
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‘OF URBULENCE ON CURRENT METERS 
g. 10 were s for the readings. “Tests were run first with 


no obstructions i in the flume. The testing flume had rounded entrance corners 
and the flow conditions were more nearly ideal than ordinarily | would have 


+ 


een encountered in natural streams, or even in artificial channels. The 


tests were then duplicated with the fixed obstructions i in the flume. tone at 


‘The ‘uniformity of velocity distribution with no obstruction in ‘the flur 


may be 1 seen in Fig. 10. The velocities shown are the average of the readings 


aken by four screw meters. 


_ Since the object. of this series of experiments was to determine what varia 


i Sagres ‘be expected in the actual use of ‘meters, the revolutions of the 


propeller were counted for a period x no longer than is ; commonly cused (generally 


— as impractical in “field practice. In Experi 

ments | Nos. 8 and 9, ‘duplicate readings: as shown in Table x were taken at 

each point in the cross- -section in order to determine the possibility of error 
s by taking observations for too short a time in turbulent water. Apes 

At the conclusion of ‘Test No. 9, an additional series was run -ascer- 


whether the meters performed in a ‘radically different manner when 
q center of the propeller of each meter was located accurately in the plane of Find 
= the testing section in contrast to the earlier procedure of ‘ locating t the support- 
o ing rods themselves in this ‘section. | Although the distance from rod to meter 
a propeller varied ‘somewhat for the different instruments, the relative perform- 
of t the meters was altered but little by the change. 
The entire series of observations for four tests are one Table 1. 


= 
d These include, for a velocity of 2 ft. per sec., , experiments with the stationary 


; ~ When readings for the various meters are compared for the same point a 
v4 the channel, it may be seen from Table 1 that in case of turbulent ; flow there 


is considerable difference. For example, at Point A, i in| Test No. 8, the Pric 


eters over- -registered, whereas the screw meters ‘aiee registered. In many 
eases the registration of the cup type of meter is more than 200% that of 1 the 
é 4 propeller type for certain points in the tests with turbulent flow. Bet 


) The check observations i in Tests No. 8(a) and No. 9(a) indicate that indi- Fi a5 
vidual observations of velocity in this turbulent water, taken for the usual 


| While the data of Table 1 do not disclose the : correct baa pt the io 
_ velocity | of the current, it became evident 4 from the > angularity | tests. made | 
Tater th that the Price meter recorded toc too high a value and tha that the values ob 
tained with the other meters are in varying degrees below the true amount. 
furnish the basis an absolute un er 
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EFFECT OF TUBBULEN OB ON CURRENT ‘METERS 1.06 
since the area of the propellers different types of meters 
different in both size and shape. Although the utmost eare may have 


exercised to locate the center of the meter wheels in identical positions, and 


the: regimen of the turbulent condition at any p poi nt may. have been. uniform, 


kind of stream filaments since the degree ‘of turbulence varied. throughout t the 
Bsn “section of the | channel _ These conditions prompted further methods. of 
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since , velocity measurements were ta taken at ‘each measuring point ie. 10) RN 
vith all six meters, a comparison was made of the mean of the velocities de ter- 


mined at the eight ‘points: by the various, meters with the mean velocity. com- 7 
puted from the weir discharge. ‘These ¢ data are shown in Table 2. Although : 


greater number of observation points | would have been “used if ectual dis- 


_ charge measurements had been made, the data show certain tendencies which — m 


It be noted that ‘the ities a as measured 
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‘EFFECT OF TURBULENCE 0: ON cuRRENT 4 
the screw meters are » less than their weir eas 
measured by: the cup meters are generally greater. 


4 OF Fivervarions IN SPEED or ] W ATER 
‘Th serie of experiments ¢ described, ‘served to show that | a considerable 
egree of. turbulence in the flowing water introduced large errors into the 


- current-meter readings; but the results did not appear | to > be favorable for 
determining what modifications _type or design in the meter itself would 


_ give most promise of reducing these errors to a ‘minimum. Fur thermore, multi- 


plying the num umber of such | experiments did not seem to be a worthy procedure, — 
_ largely because there is no existing method of measuring de egree of turbulence 


and no standards or units in which turbulence may be expressed. Rather | 
than leave the matter in. this incomplete and unsatisfactory state, it appeared 
desirable to attempt to resolve the problem into simpler elements and to attack 


dead to agus, aut 


TABLE 2 — PERCENTAGE VaRIaTION IN MEN BY METER AS io 


bur at Points” ‘FROM a doidw ybby 
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< ERCENTAGE VARIATION IN MEAN VELOCITY BY METER 


jwod bor gait: alls 
sir. 4-blade. 
Vertical 


i= Horizontal paddle.. 
[Vertical 
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Submerged weir....... 
Vertical obstruction. 
|Horizontal paddle... 
Vertical paddle 
Submerged weir 


pe When a current meter is held i ina turbu ent stream, t the action of the 


water against the rotating hoe differ in two respects, and only t ¢ haa 
- from the action in straight stream- line flow: * First, the velocity of successive 
_ portions of the stream coming into contact with the w vheel may vary rapidly i in 


ena and, second, ‘there may be similar rapid changes in the direction « or 


Baines with which the water encounters the wheel. This leads to the follow- 


ing two kinds of errors in the results: (1) Error in registration due to the 


+ failure of the meter propeller to o respond accurately by rapid changes in speed BS: 


to the rapidly changing momentum of the water as tt the eddy passes ; and (2) 


error | in registration due to the fact that the stream Tines of the eddy, as it 
-moves down stream, strike the propeller blade. at rapidly y varying angles. The 
latter. is a condition far different from the parallel filaments, flowing normal 


1 propel. the rotor during its alata test in n still water. 
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1.00 | —17.4 | +18.5 | —20.2 | —15.8 | —19.9 | —14.9 
| | tie | fae | fos | | 
| 2.0 | +128 | | | | | —15.4 He 
2.00] | 416.7 | | -12.9 | | 8 
=> | 2.00 | +51 | +182 | —54 |] | —185 | 
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rable that a shall record average ‘velocity. of the 
water irrespective of its instantaneous behavior under the varying impulses 


of. the eddy. _ If the meter is held | at each point : a 1 reasonably long period of 


time, it should record | this | correct average. 


ba ‘The second series of experiments: was designed to evaluate the first of 


possible sources of error in registration. meter, mounted « on 
rod supported in a frame, was immersed at a definite point (Point in 
a aye Fig. 10), in a stream moving with a steady uniform straight- line velocity. 
i y eee The entire frame was then moved back and forth in a horizontal direction, 
ae parallel to the direction of flow at ‘various speeds, by m means of a crank and 


"connecting rod operating through a a stroke of 3 ft Thus, ‘instead of attempt: 


‘speed, an ‘equivalent result was more easily by moving the meter. 
Caen thereby y producing, in the course of a test, many “rapid fluctuations | in 


the relative velocity of the water with respect to the meter. The determination 


ia eddy which ike: the at an angle wan reserved for the third and last. 


e ee The apparatus designed to create rapid changes i in the relative velocity of 
sag the water with respect to the meter is shown in Fig. 9. 4 The large w heel coul 


rod to move back and forth through a stroke of 2 ‘ft? ina definite | manner 


approaching a simple harmonic motion. ~The’ connecting rod, however, was: | 
- only 2 ft. long; henee, tl the motion of the piston was 8 unsymmetrical and the : 


be rotated at at any desired speed, so as to cause the cross- -head holding the meter 


bt > 


_ Although the operator attempted to rotate the wheel at a uniform  spéed, 


down- stream stroke, ‘was completed in a slightly sh shorter period 

than the up- -stream stroke, since greater resistance was encountered i in moving ra 


An ee the meter | ant the current, and there was very little fly- wheel effect in the 


‘All illustrated in this paper that in Fig. 1 were attached ‘ 
in turn to the apparatus | ‘and tested in four different quantities of flow, giving © 


in the channel of 1, 1, 2, 3, and +5 ft. per ‘sec. (Under each of 
oA these flow conditions, the meters were held 1 ft. below the purface. of the water | 

in the center of the channel, and the mecha ism was rotated at speeds of 

10, 15, 20, 25, 30, 40, and 50 rev. per min, 

ou Each period during which the propeller revolutions were counted lasted for 


least 5 min. The times of intermediate contacts were also. recorded, i in 
: order to make sure that the conditions | were uniform and that the meter was 


complete set ‘of observations on each meter under each | condition of 


uniform velocity, was made i in five steps, as follows: riage 


_ 1—The desired velocity i in the flume was obtained by means of the ) weir. 
—An observation was. made with the meter held stationary. 
—Observations were made at each of the rotating speeds mentioned, 


with occasional intermediate readings with the ‘meter held sta- 
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of the local, velocity at 


ssing | “4—A fina observation was made with tl the meter held stationary. aie 
“5 —Readings on the weir hook- -gauge were taken before and after 
tev observation to check the uniformity of the discharge through the 


sulses 


The ratio of the average e revolutions p per second of the meter | when oscillated 
o the corresponding speed of rotation when 
ae same current is a measure of the degree to which the changes in relative. 
velocity affect the meter. The ‘percentage of error in the registration of 
each of the ‘meters thus obtained, plotted against the ratio of the crank- pin 
3: _ velocity to the uniform stream velocity i is shown in Fig. 12. ~The points ong 


the weighted averages for stream velocities of 2, 3, an nd 5 ft. per sec. 


Since the ‘pin “velocity equal. to ‘the. maximum “velocity: of 
the ¢ cross-head operating the meter. , the latter | ratio is not only proportional to, wor 


t almost expresses, the: ratio of the maximum internal velocity of the assumed _ 
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in RATIO oF READINGS” WHEN METER Is MovING TO READINGS Wu 


Is STATIONARY. (WEIGHTED AVERAGE FOR STREAM VELOCITIES OF 


12, indicates that the two Price meters and the ‘two ‘Haskell meters 


: registered excessive velocities after the crank- -pin velocity had approached the ae 
stream velocity value, whereas the remaining ‘screw meters: showed little 
no effect due to the oscillation of the meter. Below this point, where no 
reversal 0 occurred in direction of the velocity of the water with ‘respect to the a 
meter, and thus the | ‘meters, at call times, were propelled by positive currents, iS 


changes in relative water v velocities produced. less, error in the ‘registration 


of the meters. When the velocity of the meter did not exceed one-half the 


‘velocity of the water, t ey all behaved alike i in integrating to obtain the direct 
regardless of the weight, shape, and size of ‘the 
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EFFECT 0 CURRENT METERS 
. These tes S show i in reaity. that an eddy striking the 1 meter | “head on” 
does not affect the total counts of revolutions, ‘provided ‘the ‘time of ‘reading 


is not too short. According to t the work of Hoff (cited in the Appendix), the 


of 
of the propeller had appreciable influence o on the rating of the 


Whe n the maximum velocity of the backward stroke of the piston 


the stream | velocity, a. reverse current propelled the meters, during a part of the 


continued t to t turn. in positive e direction, over- but the screw 


while 1 i in the direction, the reverse was auto- 
matically subtracted from the excessive forward current measured during the 


up- -stream stroke. ith the proper contact: mechanism there was ‘practically 


Mo 


en 


Ro over- -registration of this type of meter at any eddy speed. uf 
Fig. 12 indicates some slight over- “registration of the small Ott ‘meter and 
the three-bladed Hoff meter when the maximum backward velocity exceeded gs 
twice the forward stream current. — ‘This was probably due in these two meters } tire 
ae to the larger amount ¢ of interference to o the reverse flow caused by the frames ; 3 
of the ‘meters ma making the rotor move much 1 more slowly in a reverse 
The ty two Haskell ‘meters registered every single re revolution o of ‘the . propeller, x: 
a 
4 | winbade represented a a travel of water past the ‘meter of on ly 3.02 or 1.23 lin. ft., é 
respectively é Moreover, the contact continued for more than one-half revo- 
| lution; hence in the back stroke of 2 ft., the reverse « current made additional . 
“leontacts: which could not be distinguished from those made while rotating in| 4 
the proper direction. The Haskell meters would have behaved the same as 
other screw "meters if they been provided with registering devices 


which “contacted ‘every five revolutions or more. In fact, the other screw 
meters, which ich could be adapted, b behaved in a manner similar to the 


Haskell meter when operated on ‘their single revolution ‘contacts, “registering 


reverse current by contacts ‘made in a distance than the length « of 
It is apparent, therefore, that the meters ers tested v w will n not be by 
Successive variations the speed of the flowing water as long as they x 
a ically stationary and 1 up- -stream currents are not encountered. How 
in case thesé backward currents exist, the Price meters will invariably over- 


register and the screw ‘meters: will apparently do the same, unless some means 


of detecting the contact made in the reverse direction | of rotation is adopted, — 
= a contacting period i is used which is longer than time in which the 


very > r tha 


Detween contacts is used all the screw meters will perform with reasonable 


‘ 


The determination of the accuracy of meters in registering the velocity of 7 


fil eddy. the mete at an was the « bject of the 
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third part of this investigation. 1, ‘As in the previous experim nts, the meters ag 


mounted on rods were held at the center line of the testing s section. A pointer 


fastened to t the ‘rod and parallel to the axis of the meter enabled the operator — 


to ‘set the instrument | so o that the current in the testing canal struck the pro- 
at any desired horizontal angle (Fig. In | testing th the Price meters 


various vertical the mi meter 


Bg. It could thus be make the ange, with th 
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METER Is "STATIONARY, WITH A STREAM or 2 FEET PER SECOND. 


= the meters illustrated i in Figs. 1 to 8, inclusive, were tested i in turn in 


ofl, 1, 2, 3, and ft. per sec. Under each of these conditions of the meters 


_ were held rigidly on a rod 1 ‘ft. below the surface of the water, with. the , rod 


the center: of the cl channel. velocity at the point at which each meter 


i was held, was quite uniform as shown i in Fig. 10. ‘The tests were made first 


‘ with the propeller of the meter. turned to the right when looking upstream so 
that the meter axis made angles of 10°, 20°, 25°, 30‘ 85°, 40° 
Toile The meters were then tested with their propellers turned to the left through 
_ the same series of angles with the maximum quantity. of flow. _ These readings — 


indicated that the performance of the three Price meters 1, 2, and 8 8) 


and the medium Ott meter (Fig. 4(b)) ¢ departed farther from the ideal, with 


their propellers turned to the left than during the previous tests with their 


propellers tuzned to. ‘the right. Consequently, these four meters were 
through the entire | series of angles y when turned to the left i in the same quan- 

- tities of flow as those used in the tests s with propellers turned 1 to the ar 


Apparently, the screw meters should. perform practically the same 
current striking the at ta given angle ‘regardless of whether the varia 


sa 
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EFFECT OF TURBULENCE ON CURRENT METERS 


tion in angle i is in a eine or a vertical direction, eines a symmetrical face 
ie “appears to be presented to he flow. This is not true of the cu 1p meter. Hence, 
the three Price meters were tote in the same chantitien of flow as those used 


ig in the horizontal angle tests, but with the meter axis tilted upward 5°, 1 10°, 15°, 
20°, 25°, and 30° and also downward through the same series of angles. sean 


Each observation. during which the propeller revolutions were “counted, 
an lasted for at least 5 min. The times of all intermediate contacts were recorded 
in order to make certain ‘that conditions were uniform and that the meter was 


A _eomplete set of observations 0 each meter under each eondition of 


cat” —A velocity reading was taken 1 ft. on each side of the. center of the 


Sa channel in order to check the uniformity of the horizontal veloc- 
2 —A reading was taken in the center of the channel with the wate in 


Observation: were made at each of the angles p reviously mentioned 


with occasional intermediate readings in the normal position to 
check the uniformity of the flow. 


was finally taken with the meter i in the normal position 


— 


—Readings of the weir hook-gauge were taken before and after each 
observation to check the uniformity of the discharge through the 


tail-pieces of all the meters were in the t two 


maximum. quantities of flow, because of the obstruction that they caused. ~The 
; _ readings on a series | of piezometers located near the bottom of one ) side of the 
channel were carefully observed when the large ‘meters 1 were turned at angles 

45° from the normal position in to ‘detect any appreciable change 

'» channel depth caused by the obstruction of the meter. The maximum 

‘difference in depth under any condition did not exceed 0.002 ft. 


iy 


removal of the 4 by 4-ft. concrete flume at the of these 
tests afforded an opportunity to test the meters in a channel, 10 ft. wide, at a 


‘distance 120 ft. down stream from the head-gate. Tests duplicating those 
previously described in which the ‘meters ‘were displaced through horizontal 
angles, were made on | several of the meters. at various depths of submergence. 


No difference in behavior from that obtained i in the smaller channel : was | noted. e 
dbo When a current strikes the wheel of a meter in a diagonal direction, the 


ideal meter, if prevented from turning to face the oblate flow, should register 


es. in amount only the component of the velocity of the current which is parallel 
to the axis of ‘the m meter and normal to the gauging section. - re; ‘This component 
ee equal to the actual velocity of the water multiplied by the cosine of the angle 
Rei “between the meter axis and the stream line of the current. = 


lnm aking the tests with the water striking the propeller a at various hori- 7 
zontal angles, most of the ‘meters showed a slightly different performance when 3) 


the water approached the meter from the left than when it approached ‘at the 


same angle from the right. The results of the tests made on all the meters 


using the maximum velocity of flow (the water approaching the meter | from > 


the left. and then from | the Tight) are shown in Table 3. The Price meters 
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ally showed a . slight variation in n performance for the same ne angles. ‘The oak 

| Fig. 14 for one of the cup and one of the 
Trew meters. While the variation is not large, repeated checks demonstrated 

the difference observed was not accidental, but that there was a significant 

variation in the performance of the meters under the influence of currents - 
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. 14.—D1acram SHOWING EFFECT or HOLDING Two Treas or AT 
HORIZONTAL ANGLES WITH THE DIRECTION oF THE CURRENT. 


_ The performance of the Price meters when currents approached at angles 7 
‘froni above | or below the meter (averaged for velocities of 2, 3, and 5 ft. per sec.) 
tae is shown | in Fig. 16. ‘This’ type | of meter registers the cosine of vertical obli 
—— quities 1 with much better accuracy than the horizontal, showing a slight ten- 
dency toward under-registration of these currents. The degree of vunder-regis- 
tration of the component vertical to the gauging section in vertical currents, 
Bowers, is not nearly as ‘great: as the amount which ‘this ‘meter over- -registers a 
these components in measuring horizontal disturbances. ow 


vas in the performance of the th three 
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= = = 


t 


- 


oh turbulent stream, where. the: meter with equal. 


* “quency from all. angles, the meters , would perform o on the average as shown 
= ‘Fig. 17. _ Where such a condition exists, it s should be remembered that ver- 


y averaging the performance of the meter in 


| directions in these tests. Under t this ec condition of turbulence, 


the Price meter compares more ixophly with ‘the others than it did i in Fig. 16 ’ 
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AT VARIOUS HORIZONTAL ANGLES WITH THE CURRENT. 
‘Under t hese conditions, the small Ott meter (Fig. 4(a)) would } prove to be 


an instrument of remarkable accuracy, “registering the true average 


_ ponent of all currents which approached the meter at angles up to 20 degrees. 


Tn making measurements around débris, bridge piers, and side’ 


which cause horizontal disturbances, the Price meter will over- r-register: appre- 
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- ciably; but in metering in channels where : disturbances originate at the. bottom 


is WH stu 8 or! a 


of the stream, causing a preponderance of vertical currents, the Price. meter 


‘on a rod ‘should. reg register the desired velocity with @ good. degree 
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“Various VERTICAL ANGLES WITH THE CURRENT. 


noticeable ‘degree the fact that t the: is unsteady ; “that is, are not 
influenced by the inertia of the current-meter wheel, nor are produced 


4 necessarily when there are pulsations, or any unsteadiness i in the stream. la 
tev 


Sale je —The variations in current- meter readings seem to be due mainly to 


the obliquity of flow in the filaments striking meter wheel 


od A 4.—When meters are | held on a a rod i ina rigid Position, with the meter axis: 


parallel to the general axis: 0 the ‘stream, turbulent flow invariably causes the 
‘meter to over- register and the screw. to under- -register. 
5.—The cup meter ‘registers the true ‘velocity of currents, ‘approaching the 4 
neter from almost every horizontal ¢ direction ; hence it over-r egisters t the com- * 


od 
— 
—_ 1 fA flowing stream may be so turbulent as to change very noticeably the — z 
obtained by a current meter, 


CE ON CURRENT 


ponent the gauging section of -hotizontally oblique flo 
. Obliquity of flow i in a vertical direction has a slight tendency to cause under- 


* registration ‘and thus may compensate to some degree for the over-r 
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ve. 17.—PERCENTAGE OF IN FILAMENTS STRIKE METER 
Oertain limitations should be mentioned. This study was not an attempt 
te make a careful or sweeping comparison of meters produced by different © 


"manufacturers, and the figures shown sl should not be used for this purpose. 


ae |: should be remembered also. that rod support was used i in all these experi- 


- ments, and the conclusions must not be applied without modification to cabl 


4 suspended meters. In a majority of cases, stream gauging is done with ee ; 


eable-suspended meters. In such suspension the tail-vanes tend to keep the 


meter squarely facing the « current regardless" of any local or temporary 
, In some places, | however, ‘such ‘as close to the sharp corners: of 


— 

= 
the 

ny a 


EFFECT 
ers or obstructions, curvature of the filaments 80 


Reetonee flow at the meter wheel i is appreciably different from that at the 


vane. — In such case oblique flow must necessarily strike the current wheel. 


_ Furthermore, the dynamic center, of some meters does not coincide with the 
mechanical center. Since the by cable | comes in line. 


he mechanical center, the 2 cause 


Finally, it is to be remembered that of of -registra- 
tion, discussed in this Paper, is only y one of numerous important practical 


questions arising in | the construction and use of current ‘meters. Other ques- 
tions of importance are cost, convenience, - consistency, 


reliability, 


By AMERICAN INVESTIGATORS 
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AY d 
A and Abbot, H. L. Report the Physics and of the Mississipp! 
River. Professional Paper No. 4, Corps of Topographical Engineers, U. S. Army, 1861 

a3: a Mentions current meter asa possible device for use on study of Sanat i River, 
rejected same with preference expressed for floats. 


4 Henry, D. Farrand. On the Flow of Water in Rivers and Canals. Journal, Franklin Inst., 
 - Vol. XCII, 1871, pp. 167-173, 257-262, 322-328, 383-389. a 
ite Describes various water- -measuring devices, including his electrical “attachment 
a current meter. Gives results of meter ratings and comparisons with float measure-— 
ments. Discusses many natural phenomena of stream flow. 
Ellis, T. G. Report, Chief. of Engineers, U. S. Army, 1878, Pt. I, pp. 305-350. 
_ Describes measurements. made on discharge of Connecticut River by means of 

a floats and current meters. A screw type of meter (Woltman) was used and also a 
yy - cup type of meter (Ellis) was first constructed for this work, both giving concordant © 


Blum, Richard. The Current Professor R. -Harlacher. Engineering News, 
Describes the Harlacher screw type of electric current meter. 


. i Fteley, A., and Stearns, F. P. Description of Some Experiments on the Flow at Water 
FORE Made During the Construction of Works Conveying the Water of Sudbury River to 
eee Boston. Transactions, Am. Soc. C. E., Vol. XII (1883), pp. 117-118. 

ty Describes current meter used in making comparative measurements with weir, 

F v2 and states the agreement was within 1% unless the velocity was very irregular. 
le Extreme SBEes of the current meter during:rating caused an error of 9 per cent. ny 


Stearns, F. P. On the Current-Meter, Together with a Reason Why the Maximum Velocity — 
of Water Flowing in Open Channels Is Below the Surface. Transactions, Am. Soc. C. E., 
ue - Tllustrates and describes the Fteley and Stearns screw type of current meter. “4 
‘awed results of rating experiments in which an irregular and variable velocity was 
_ ereated by oscillating the meter; and experiments during which the axis of the meter 
ae was turned at various angles with the direction of motion of the rating car up to ae 
sal maximum of 41°, in which position the meters under-registered about 10 per cent. _ 
- Results of twenty-seven experiments are given in which the discharge of the Sudbury al 
Conduit was measured both A 4 current meter and weir with varying degrees of agree- 
ment depending mostly on the method used in taking the observations by 


he , Price Current Meter. Engineering News, ‘Vol. XXIX, 1893, 1 pp. 196-197. SUNOp gE 
ss Deseribes large Price meter invented by the late Ww. Price, M. Am. Soc, C. E., a 

“ld and patented August 25, 1885. _ Follows article describing gts -meter measurements — 


Price, G. A New Current Meter and a New ‘Method, of Rating Current ‘Meters. 


Engineering News, Vol. XXXIII, 1895, p. 27. 
-” -‘Deseribes Price acoustic current meter and method of rating from skiff in still pond. 


Direction-Current Meter. Engineering News, Vol. XXXIII, 1895, pp. 27-28. 
Describes the Haskell current meter and also direction- by 


a — 
— 
— 
| 
— 
a 
j 
= 
| 
4 
— 


we 


_'-- Deseribes the use of a Haskell meter in measuring stream flow, and compares same 


Describes and illustrates by. two. diagrams a screw of current meter kno n 
Haskell, E. E., and Sabin, c.2 Report of the Chiet_ Engi ee 


8. Army, 1900, pp. 5322-5401. ve 


- Describes measurements . of Niagara and St. Clair Rivers in whine Haskell mete 


White, W. M. The Pitot Tube, Its Formula. 
Price current meter to compare with Pitot tube in 


through still water, showing agreement between the two 


Horton, Theodore. Flow in the Sewers of the North Metropolitan ‘Sewerage System of 
“Massachusetts. Transactions, Am. Soc. C. E., Vol. XLVI (1901), pp. 78-92. 
ae oy. Describes the use of an Ellis (cup type) meter in measuring the discharge in a 
hee sewer. Mr. Horton’s closing discussion mentions the possibility of erroneous registration 


cor where stream filaments of different Velocities” act on the two sides of the propeller, ee 


Murphy, E. Tests to Determine the Accuracy of ‘Discharge Measurements of New York 
--« State Canals and Feeders. ,,, Vater Supply and Irrigation Paper No. 47, 1901, U. 3. ea 


_... Describes comparative measurements by rods and meter on New York State canals 
and also experiments made in 1900 with rods, small Price meters, and weir at Cornell 


- Geological Survey. Methods of Stream Measurement. Water Supply and Irrigation : 

- Describes various methods of stream measurement, including use of the current ve 


roll history of current meter, describing various types, and stating their eee and 
disadvantages. Discusses~ the effect of pulsation of Velocities of moving water 
_Ineasurements. Extracts results of Ellis, Marr, Henry, Gordon, New York State Canal 
Survey, and Stearns, comparing float measurements with weir. Describes in 
detail his own “experiments at Cornell University and Chevy Chase, Md., in 1900-1901. 

Compares measurements with Price, Haskell, and Fteley meters with weir measurements. 

A Concludes that small Price current meters under ideal conditions can measure dis- | 
- .eharge within 1 or 2%; it is more accurate when held rigidly on a rod rotating faster — 
Seal under this condition; will under-register current velocities closer to the water surface i 
‘than 0.5 ft., etc. ~ Some experiments under abnormal conditions showed results departing 
as much as 40% from the weir discharge. Haskell meter registered velocities near 

the surface more accurately than Price meter, not as accurate in low velocities. | a aie 


bea == G. S., Hubbell, C. W., and Fenkell, G. H. Experiments on Flow of ‘Water in Pipes. a 
Transactions, Am. Soc. C. E,, Vol. XLVII (1902), pp. 337-341. 
Bete figs, Occasional reference to meter “ratings in flowing water as compared with still an 
water, with particular reference to its accuracy as compared with Pitot tube. In dis- ae 
- eussion, E. C. Murphy (pp. 202-203) gives results of eighteen measurements with ee 
Price meters in moving water at Cornell University showing agreement with standard : 
weir within 2.8% in every case; D. Farrand Henry (pp. 224-226) describes early 
experiments comparing velocities obtained by floats with that registered by meters; 
_ George Y. Wisner, (pp. 231-233) discusses error in registration of meters in Sowing 
E. E. Haskell (pp. 283-289) describes rating tests in flowing water which gave > 
favorable comparison between a Haskell meter and floats; and Robert E. Horton 
Sh 289-291) discusses nature of eddies and the performance of current meters. __ 


a Murphy, E. C. Current Meter and Weir Discharge Comparisons. — erect Am. Soc 
‘Describes fifty discharge with Haskell ‘ine meters in testin 
- canal at Cornell University with agreement between meters closer than with weir, but 1 ya 
up LEV - 4n every case variations were less than 4.8%; twenty of the tests showed differences _ org: 
- me than 1 per cent. In discussions: Charles H. Miller (pp. 379-380) discusses 
Atte comparative results with different current meters, describing experiments with Haskell 
. _— Price meters mounted on a skiff which was rocked, producing over-registration of the 


a neh meter and under registration of the Haskell meter ; J. B. Lippincott Op. 383-387) 


Murphy, E. C., Hoyt, J. C., and Hollister, a Manual of the United 
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Murphy 
"TNO. 95, 1904, U. 8. oF Stree Survey, pp. 1-169 


Revision of Water Supply Paper No. 64 additional “experimental data com- 


ite - paring Price and Fteley meters in shallow streams of varying roughness with weir 
measurements. The part giving data on velocity curves has been ‘augmented 


. Ke Work» of ‘Hydrographic Branch, United States ‘Geological Survey, ‘fn New 


Bngiand, and Discussion of Methods for Estimating Stream Flow. Journal, ‘Assoc. 


Describes work of. the U. S. Geological Survey on ‘surface water resources 


New England, including current practice in securing discharge with 
ite Document 105, 62d Congress, 1st Session, pp. 72-74. sau, Ban 44 


_ Describes an experiment by F. C. Shenehon, M. Am. Soc. C. E., with a» Haskell 


meter in the Detroit River in 1906, comparing the velocity registered by this meter 


with that observed from the rate of travel of Haug blueing. Good expertinent was 


Test of a Rotary ‘Pump. _ Transactions, Am. Soc. Me _ Engr Vol. 28 
>. 745-769. 


\ earrent meter and a Tulane Pitot tube. Individual measurements showed a maximum 


variation of 2% between the results obtained in measuring about 153 cu. ft. per sec. 
with the two different instruments and an average variation of but 0.1 per cent. ee 


ane Hoyt, John C. A Universal Current Meter. Engineering News, Vol. 57, 1907, p.' Saleen 
Describes adaptability of small Price meter to stream gauging, and gives rating 
curves for Fteley, Warren, Haskell, small Price, large Price, and Lallie current meters. 


ay Stevens, et Comparison of Formulas for Computation of Stream Discharge. Engineering 
News, Vol. 59, 1908, pp. 682- 684. BAW GORE 

"Discusses errors involved in various methods of using current-meter | data 
a the discharge of a stream. Recommends the method adopted by the U. §. 
ata: ie Geological Survey, and also multiplying each depth by its corresponding velocity. = 
Be; Hoyt, John C. Recent Changes of Methods and Equipment in the Water Resources Work 
eo oe United States Geological Survey. Engineering News, Vol. 60, 1908, pp. 15-16, > 
‘ ie _ Describes refinements which were made in construction and use ~ 2 Price meter, 


y referring to pentacount registering device, torpedo weights, rods, etc. = = © =" 
Hoyt, John | C. The Use and Care of the | Current Meter as Practiced by the United States 


-. Geological Survey. Transactions, Am. Soc. C. E., Vol. LXVI (1910), pp. 70-105. 
ss Gives history of current-meter development, ‘plates showing Price, Haskell, Fteley, 


_ Ellis, Richards, Woltman, Ott, and Amster meters. The use, care, and rating of the 


- Price meter is thoroughly discussed. In discussion, A. H. Dramont (pp. 106-107) | 


| 


- describes gaugings and ratings of Fteley meter in | measuring the discharge of Croton — 
Aqueduct; E. C. Murphy (pp. 107-108) mentions the. ae a of the different 


behavior of a meter near the sides and bottom of a channel; K. Barrows (pp. 108- coon 
stresses certain precautions in use of the Price meter; aa B. Grunsky (pp. 110-126) | 


discusses the difference in results obtained in -computing discharges from average ot 


Bao velocity observations taken at the end of sections as practiced by the U. S. Geological 
- Survey in contrast to the method proposed by W. H. Hall, M. Am. Soc. C. E., in 1878 
of multiplying velocity measurements by depth at the point of the measurement. 
a Mentions possibility of error in meters of various types and other gauging problems; 
- Ez. -Kuichling (pp. 126-128) suggests various possibilities of error in the rating and 
registration of meters; G. H. Matthes (pp. 128-129) concludes that the precision of 
the current meter is far ahead of other observations made in obtaining discharge data 


oe on natural streams; Walter Pearl (p. 130) agrees with the conclusion of Mr. Matthes; : 


and C. M. Allen (pp. 130-132) expresses confidence in measurements with the current 
as _ meter, based on experiments at the Hydraulic Laboratory of the Worcester Polytechnic 


Winkle, Franklin. Stream Flow at Single, Cross- ~Mection., ‘Power, Vol. 2 


detailed discussion of Price and Ott meters. Use and advantages of each. 


Describes pressure plate, Pitot. tube, float wheel, current meters. 


Stevens, J. C. Hydrometry as an Aid to the Successful Operation of an — System. 
Transactions, Am. Soc. C. E., Vol. LXXI (1911), p. 323. 


Gives results of twelve measurements made for the purpose of comparing the’ sma 


ts Price pentacount head with the single count. head. The maximum difference was 


- Williams, Gardner S. Measurement of Water. Journal, Western Soc. of Engrs., Vol. XVII, 
Discusses various devices, including current meters, mentioning comparison with 

_ float measurements at Cornell University and work of U. S. Lake Survey. 


a, R. M. Measurement of the Flow of Water in Large Pipe Lines. Journal, Western 


zr SITE 9 Describes ‘special Price meter of electrical and mechanical type used on rods inside 


28-in. wood-stave pipe. ‘Rating curves for same are shown. 


Groat, B. F. Characteristics of Cup and Screw Current Meters. ‘Transactions, Am. Soc. 
EL, Vol. LXXVI (1918), pp. 819-840, 852-870.) 


ice Sear Describes tests made with Haskell and Price current meters and Pitot tube at 
: Massena, N. Y., concluding that cup meters over-register (on the average 6%) more 


than screw meters under-register (the for Haskell was cent.). 


irr. 
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caution. of experiments given in ‘which were oscillated longitudinally 
and transversely through a small amplitude in a still-water rating, and also some 

. Yatings from a skiff with oscillations caused by ‘rocking the boat. An addenda states 

_ that experience on some mountain streams indicates that cup meters will over-register 
three to six times the amount which the screw meter under-registers. In discussion, 

W. G. Price (pp. 841-844) defends the Price meter and states its merits; E. E. Haskell 
(pp. 844-846) states merits of screw meter and gives eight comparative measurements | ‘i ag 

between the velocities obtained by meters and floats; C. H. Miller (pp. 846- 848) 

_ stresses accuracy in rating meters; and J. C. Hoyt (pp. 848-852) gives reasons for 
U. Geological Survey adopting the Price meter and concludes that it will give 
reliable results at | all but the most exceptional stations. .anamtyd 


- Rumpf, Charles P. An Investigation of the Use and Rating of the Current Meter. 
Engineering News, Vol. 71, 1914, pp. 1083- 1084, 
Gives results of tests on cup and screw meters holding meters at various angles 


Groat, B. F.. Pitot Formulas, Facts and Fallacies. Proceedings, Engrs.’ Soc. 
"Western ‘Pennsylvania, Vol. 30, 1914-15, pp. 328-388. 

ss Paper devoted mostly to Pitot tube, but on pages 351-366 gives results” of rating 
of large Price and Haskell current meters from boats under ideal een and with | 7 
boat rocking; describes use of these meters in turbine tests at Massena, N. Y. _ Concludes 
that cup ge was accelerated by rocking and screw meter retarded. i To! 


Moody, Lewis F. The Measurement of the Velocity of Flowing Water. Proceedings, anal 
Soe. of Western Pennsylvania, Vol. 30, 1914-15, pp. 280-323. 
es _ Paper devoted mostly to Pitot tube, but on pages 320-322, the results of eoni 
ie parative ratings of a Pitot tube, Price meter, and Fteley and Stearns meter are ater 
o> _ compared with the meters turned ‘through various horizontal angles up to 70 degrees 
Also gives results of an experimental screw meter with good characteristics. Concludes 
a cup meter over-registers and registers velocities from right differently from those from 
left; screw meter under-registers. In discussion, Gardner S. Williams (p. 386) describes Bi 
results of rating of Haskell meter by weir in turbulent water in which Haskell under-| 
- registered more than 3%; N. C. Grover (pp. 391-397) discusses work of the 
U. S. Geological Survey and adaptability of Price meter to this work; efforts OR) ee 
develop screw meter; and general history of Price meter; Thomas P. Roberts (pp. 397- 
400) remarks generally on some difficulties encountered with current meters; Charles — 
M. Allen (pp. 401-402) describes Worcester Polytechnic Institute circular rating» 


Ne 
station; Clemens Herschel (p. 410) “remarks generally to. the effect that current-— 


meter gauging is only adapted to the measurement of large open channels; E. H. Brown 

and F. Nagler (pp. 415- 424) give account of tests made on large and small Price hve 

current meters operated at center of 42-in. main, rotated at various angles with the 
_ thread of the current, through 360° in horizontal plane and 180° in vertical plane. — 

e | Curves for small Price meter show different registration to left from that of right, be? 

- Over-registration at all angles in horizontal plane, and satisfactory or under- registration _ 
for angles in vertical plane. Curves for large Price meter show its inferiority to small _ 
Price meter; Lewis F. Moody (pp. 454-455) gives results from Rensselaer Polytechnic 

_ Institute thesis on Price meter inclined at various horizontal and vertical angles up a fay 
a 12°, confirming Brown and Nagler tests; and B. F. Groat (pp. 460-473) further — 
discusses the Massena current-meter work, design of ideal meter, and mentions same 

‘having been produced at Rensselaer Polytechnic Institute. ~ Comments on Haskell meter, 

_ and effect of bearing ‘friction 4 in current meters, possible inertia effect of heavy propellers. ye 


Scobey, Fred Cc Behavior of Cup Meters Under Conditions not Covered by Standard Ratings. — 
of Agricultural Research, May 25, 1914, pp. 77- 83. he 
ss Gives results of experiments on Price current meter rated in still: water on rod Vg 
and cable, tipped varying amounts to 30° upward and downward, also near water 
oa) surface, bottom, and channel sides, with dull pivot, and vertical oscillation of meter. 
we Concludes meter should be held horizontal, channel sides have little effect, but bottom 
: and surface readings are in error; dull pivot has inappreciable effect for velocities Lia 
. greater than 1 ft. per sec.; vertical meter movement ‘rotates: the meter in the same 
Journal 
Gomparisons of the relative accuracy of ‘discharge measurements in irrigation 
 ¢@anals with current meters using different methods = measuring velocities in the ver- 
ticals are discussed. No type of meter is mentioned. 


Chemi- Hydrometry and Application the Precise Testing of Hydro- 
Electric “Generators. Transactions, Am. Soc. C. E., Vol. LXXX (1916), pp. 1231- “1271. 
- Describes still-water rating experiments on ” Haskell, Ott, and Price meters at 
‘University of Michigan, in which the meters were oscillated at various periods through | 
‘ ares of various lengths in a horizontal, vertical, and longitudinal direction. Longi- 
tudinal oscillations showed that water pulsations ‘affect meters but little, while latera 
disturbances made the Price meter over-register, whereas the Ott and Haskell meter 
under-registered, the under-registration of the Haskell meters exceeding that of the 
- Ott type. In discussion, Robert E. Horton (pp. 1283-1285) discusses accuracy of 
current-meter measurements; and W. 8. Richmond (p. 1287) mentions several 
-—-«: parative measurements between current meters and other —— and instances o 
J. C., and Grover, N. C. River Discharge. Fourth Edition, 1916, pp. 6- -22, We ' 
_ Discusses history of and use and care of current meter with particular referenc 
to the Price meter, by J Cc. Hoyt, Transactions, Am. Soc. C. EB 
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Blanchard, Hydraulics of. the Chicago District's Main Channel. 
 -‘Western Soc. of Engrs., Vol. XXV, 1920, pp. 4838-506. 
measurements with Haskell and Price under a variety of field 
ss gonditions with data-from occasional still-water ratings made during the progress of 
RAS _ the work. Concludes that the Haskell meters appeared more accurate and reliable 
‘Fortier, S., and Hoff, E. J. Defects in Current Meters and a New Design. Engineering 
Discusses the inaccuracies of meters under field conditions and describes the new 
ek via Hoff meter giving curves comparing the effect of friction in various types of meters. — ; 


Gutmann, 0. Glorifying the Current Meter. Engineering News-Record, Vol. 97, 1926, p. 840, 
4 Review of “Der Genauigkeitsgrad von Filiigelmessungen bei Wasserkraftanlagen”, 


| Engineering News-Record, Vol. 97, 


behavior of same with screw meters by Dr. Ing. A. Staus. 


Matthes, G. H. Price Current Meter: Serviceability vs. Scientific emaeeyt _ Engineering 
Record, Vol. 98, 1927, p. 128... 


Letter stresses the fact that the hydrographers of the U. Ss. iealanlenls Survey 


a during the early existence “ the Bureau found the Price meter to 7 more serviceable 
ae. 


B. F. tans: of. nt Meters. Engineering News- Vol. 98, 1927, 
‘Letter. defends. current meter as valuable, measuring device, and “mentions 
characteristics of different types. aris: 
oa ‘Liddell, William A. Stream Gauging. First Edition, 1927, p. 9 and pp. 136-150. 
_. : Discusses experimental work done in the United States, the effects of turbulent 
flow, and the behavior of cup-shaped and one -shaped subjected to | 
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conference of was formed in 1925 by appointments from 
the American Society of ‘Civil Engineers and the American 1 Railway Engi- 


“neering: - Association, to make a \ study of of the Specifications for Steel Railway 
ts Bridges issued by each of these bodies, + with a view to preparing for adoption 


merican n Railway Engineering tion specifications were adopted 
by the > Association in 1920, and v were published in Vol. 21 | of its Proceedings. 


number revisions have been made. third e edition, which i is the 


The American Society of Civil Engineer specific ations were adopted by 
LXXXVI (1928) of the 
me ae ‘Both | sets of specifications were submitted in 1924 to the American Engi- 
neering: Standards Committee for adoption as ‘Standard, but neither was 
adopted. After the discussion of the specifications before a committee of the | 
Engineering Standards Committee, it suggested that the 
2 fe ‘Sponsor | bodies appoint Conference Committees to review the s specifications for 


the purpose of eliminating the differences. This suggestion was: 
eceived and Conference Committees were agreed upon, each to consist of 


The Committees met in Chicago, on J anuary 30, 1996, to 


the | Committee ‘agreed extend- -invitations Robert. 
Soe. OC. E., , Chief Engineer, Philadelphia Terminal Improvements, 
‘Railroad, E. Hovey, M. Am. Soc. C. E.. , Assistant Chief 
Engineer of the Bridge Company, a: and Lee H. Miller, M. Am. Soc. 

oO. E., Chief Engineer of the American Institute of Steel Construction, 10 
attend the Committee’ 8 meetings a1 and act in an advisory capacity. All accepted 

the: invitations and have taken active in the of the 


‘Engineer of Bridges and Buildings, Railroad. 


The Conference elected officers as follows: Chaireian 


B. Seaman, Vice- Chairman; and I. F. Sten, Secretary. 


Henry B. SEAMAN, Chairman, y 


Georce F. Swarr, 
Daustrom, Chairman 


Association 
March 16, 1 
March 16, 1929. 
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SPHCIFICATIONS 1 


= 


-to oud 


2 ANSW ERED FOR THE © 


‘ORMATION- OF BIDDERS 


1.—What live load is to be used? 


4 2.—Is the alignment straight 0 or curv ed?.. 


ab If on a “curve, , what is the : superelevation of outer rail and what is 


the degree of the curve? 


What i is the rate and the direction of grade on the bridge?. 


= 4. —What are the conditions at the site?.. 


Furnish plans showing the general dimensions and conditions gov 


erning the of the structure as follows: pear 
Length of spam 


eee ee eee 


Type of floor. 


eat 
Limiting under- clearance. 


| 
—What size of rivets shall be used 


kind paint will be approved? 


other than two nuts and tiv 


size of pin?. 


Masi 


~ 
— 


— 
= 
= 
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— 
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Mz nuts be required for 
— 
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SPECIFICATION 


OR STEEL RAILW 


DESIGN AND MANUFACTURE 


The term “Company” means the Company p to 
The term “Engineer” means the Chief Engineer of the ‘Company or his sub- 
fag the Ce in term tractor” mean means the inspector 


invitation. The preferably shall be based on terms in nd specifica 


tions furnished by the Company. The plans will show the conditions deter- 
mining the design of the bridge, the general dimensions, stresses, and typical - 


Jnvitations requiring the Contractor to furnish the design shall state the 
- general conditions at the site, such as track spacing, character of foundation, — 


After the contract has been the work is begun, die 
~ Contractor shall submit to the Engineer for approval, prints in duplicate of — 
: stress sheets and shop drawings, unless such drawings shall have been pre- — 
a at drawi ings shall be made on the dull side of the tracing cloth, 2 f: 
in. in size, including margins. The margin at the left ‘end: shall be 13 
wide, and the other margins 4 in. The title shall be in the lower right- hand — 
— No change shall be made on a approved drawing without the consent — 
. tracings of the dsuwings shalt be the property of, and be delivered to, 
the Company after the completion of the contract. vel 
4, The Contractor shall be responsible for the correctness of his drawings, — 
cae for shop and field connections » although the drawings may have been 


approved by the Engineer. __ moat 


2% Ordering of material by the Contractor prior to the approval of the 


+6. If the drawings and the specifications differ, the shall Bove 


a Contractor shall protect the against’ from 
the use of patented devices or parts proposed by him. 


f structural steel, 


4 
| 
— 
OLE. 
— 
203 
105 
— 
446 
540 
— 
+4 
= igs shall'be of steel] 
cast iron is specifically authorized by the Engineer 


102. types of bridges to be used for» various span lengt 

Rolled for ‘spans up to 40 
Plate girders for spans up to 125 ft. 


Riveted trusses for spans 100 ft., or longer. 


Pin- “connected for spans 150 ft., or longer. 
trusses or girders shall be sufficient to 
eg lateral forces. In no case shall it be less 
| per than  one-twentieth of the span for 
trusses, nor r one-fifteenth of the the span for 
RS a6 The girders of deck spans and the 


stringers of through spans shall be spaced i 
not less than 6 ft. 6 in. between centers. — 
If four stringers are used under 
track they shall be arranged in "Pairs, 


\ Stop of Ral Ratios. ja 


greet ably shall be not less than one-tenth of 
Fro. 1, inf the span. The depth of plate , 
twelfth of the span. The depth of rolled beams used as girders and the depth ‘ 
of solid floors preferably shall be not less than | -one- -fifteenth of the spans. If - 
 gmaller depths are used, the sections shall be so increased that the deflection 


will not be greater than if these limiting Lita ratios were not exceeded. 


pip 105. The clearances on straight track shall not be less than those shown § 
5s ee Fig. 1. On curved track the clearance shall be increased to allow for the 
7 overhang and the tilting of a car 80 ft. long, 60 ft. between centers of trucks, — 


as 1 in. per degree of. “curvature. ‘The distance from the top of rail to the 


For the calculation of stresses the length shall b be: 


; For trusses and girders, the distance between centers of bearings. 
al aa 
For floor- -beams, the distance between a centers of trusses or girders. ; 


ba. For stringers, the distance between centers of floor-beams. 


aa 


For plate girders, distance between centers of gravity of flanges 
< ae ~ but not exceeding the distance out to out of flange angles. 


a shall be so designed as to avoid, as far is practica se, ami 
guity in the determination of the stresses. ge r 


- Spans with floor systems preferably shall have end | floor- beams. a 


: 

hs may be 

— 
— 
— 

— 
— 

iti 
|i 4 


ith the line of track. 


110. ‘Ties shall be g, and epaced not more than 
shall be against bunching. 


re 


iY 6 in. apart in the clear. 


Bridges shall be the loads: Hog 


| a 


: 
4 att. ~d—Centrifugal force, including impact. 


following unit weight shall be 


tie 
ee 


rails, inside guard rails, and fastenings be 


If specified by the ‘Engineer, y be substituted for the A 64 loading 

seven axle loads of 64.000 Ib. 


For spans of less than 40 a series o 


For spans of 40 ft. or more, a uniform load of 6 400 1b. per ft. of track 
a qf in the most effective position. For moments, 
128 000 Ib.; ; for shears, the amount 


wr 
NS FOR STEEL RAILWAY BRIDGES 
1e supports for each track 
Wack snall be square 
to 
“ified 
— 
a 
te 
ters. the stress sheet. these loads and tor 
one dead Le Dog be shown separately on 
one- 
which is hereby desi — 
y designated as the A-64 loading. — 
é 
ords. 
nges, 
— 


q 


FOR STEEL RAILWAY BRIDGES: 


The obtained by the 1 use se of these loadings 
those from the A-64 loading. _ per 
lighter loading, as stipulated the may used, but in no case 
less than three-fourths of that already specified; the live ‘load assumed shall 
oy: be proportional to the loading specified, with the same wheel spacing. __ | 
i aa girders and trusses of spans carrying more than one track, live loads 


a or three or more tracks, full live load i, the two tracks nearest the 


maximum computed live load for a single track. 
= impact stress, dynamic effect of the live load. | HiT ses. ie) = 


= length, in “feet, of the | span which is loaded to ) produce the live 

ea For girders and trusses of double-track bridges, the impact shall be taken 
4 from the full live load on one track only. The impact shall be only that from 
the live load on the track nearest the girder 


: 


A 


or electric traction, the impact shall be 


205. On curves the force shall tbe. taken 


TABLE 1. 


Degree of curve 0° 40’| 1° 8°] 4°| 6°| 70] gol 10° 
Speed, in miles per hour......... | 59 | 5B | 46 | 41 | 88: | 85 | 38 | 81 | 29 
for centrifugal force. 6; 8 10 10 | 10 | 10 | 10 | 10 | 10 10 


4 
not less than 200 Ib. per lin. ft. of ‘loaded 150 Ib. 


Ae 
th 
“st 
— j 
q 
9 
Impac to the dynamic effect o 
204. "The stresses due to 
— 
‘on the track which, when 1c 
stress in the member. 
ve the top of the rail. 
| 
4 
al 


The wind force on the shall be taken as 300 0 1b. 


907. Wind o on Bridge. Gl 


es ige a wind force of 50 Ib. per sq. ft. of sv wee 4 as ‘defined i in sine 208, o on 
the unloaded bridge, would produce greater stresses than the combined wind 


calculating stability, spans and towers shall as oaded on g 
the leeward track with empty cars weighing 1200 lb. per lin. ft., and sub-— 
toa wind force of 300 Ib. per lin. ft., applied 8 ft. ‘the top of 


‘effec of the sway ‘of the engines, in 
; addition to the wind loads shall be a moving concentrated load 
20 000 Ib., which may be applied at the base of rail in either horizontal direc- a : 


i 


210. The longitudinal force resulting from the starting and stopping of 

trains shall be 20% of the load on the engine drivers, and 5% of the load on 
the remainder of the train. This force shall be taken on one track only, and 
shall be assumed to act 6 ft. above the top of the rail. 

_ In bridges where, by reason of continuity of members or ‘frictional resist- 
“ance, the longitudinal force will be directed largely to the abutments (such as oe 


ballasted deck bridges of only three_ or four spans), the force 


‘Members su ubj ect reversal of stress the of the 

t load shall be proportioned for the stress 1 requiring the larger section. “2 aie 


. Members : subject 1 to both | axial and stresses bend- 


as for beams shall be added to the axial stress. 
fi _ 213. Members subject to stresses produced by. a combination of dead ia eS 
- live load, impact, and centrifugal force, with either lateral or longitudinal oe 


Ye ? 


| ton or with bending due to. lateral forces, may be proportioned for unit 


. 


stresses 25% greater than those. specified in Article 301; but the section of 
the member shall not be less than that the sombined deed load, 


live load, impact, and centrifugal force. 


= 


j 


SECTION 3.—UNIT STRESSES 


300. The dead shall be proportioned for unit stresses 50% 


hose in 301. convenience of calculations the liv 
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‘ts 
| 
2 live 
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ib without sub-paneling, secondary stresses due to distortion meed not be consid- a 

ll 
or 
tit 
| 
eload 


may be 50% that specified i ‘ni 208, and the 
unit stresses, from dead and live loads combined, shall not exceed by more than 
50% those given in Article 301.) no 
_ 801. The allowable unit stresses to be used in tha parts of a 


_ ing dead load, 


bi Tension in extreme fibers of rolled shapes, built sec- — 


fiat 


sion, 


bas! odt = length of the member, in inches; and, as 
wo least radius of gyration of the ‘member, in 


ater Compression flanges of plate girders. 


to 
1 = the length, in inches, ¢ of the unsupported 


flange between lateral” connections or 


the flange width, ‘in ine 


Tension in extreme fibers of pins........ 4.0 


_ Shear in plate girder webs, gross section............. 


Shear in power-driven rivets and pins, vag 


legs « of stiffener angles, and other steel parts in 


(Rivets, driven and bucked by pneumatically 

Bearing on turned bolts and hand-driven rivets... .. 20.0 
Bearing on expansion rollers, per linear inch. . te 

cast-steel shoes and pedestals, the allowable unit of 

than structural grade the allowable stresses may be 

inereased in proportion to the specified minimum 

yield point of the stronger steel, provided such yield 


the compression formulas the fractional term 


__ the denominator shall be increased in the same pro- _ _ 


tin 


— ts 
— 
| 
= 
— 
2 
—— 
— 


Hor? Tension i in extreme fibers: 


‘White oak and dense yellow pine............ 


White pine, ordinary yellow pine, and spruce......— 
_ The maximum wheel load with 100% impact shall be — 


as distributed over thre three ties. 


happy 302. Members shall be so proportioned that an increase of the live load 
by 80% will not produce unit stresses in the members greater t than those — 


__ 808. The effective bearing area of pins, bolts, and rivets shall be the — 
diameter multiplied by the length bearing; except that for countersunk 
one-half the | depth of the countersink shall be omitted. 


He, 304. In proportioning rivets, the nominal diameter of the rivet shall be me 


. 305. The slenderness ratio (ratio of length to least radius of gyration) 


100 for main conipression members. ot Teape i 
120 for wind and sway bracing. 


rig 


401. The minimum allowable thickness of material shall be in., 


Gussets shall not be less than a in. thick. 


= 


¥ 
4 
| 


~ 
< 


7 


“eo 


and 


Sah _Eccentric connections shall be avoided if practicable, but, if they are 


tresses will not exceed the allowed axial stress. Members shall be so arranged 


404, Compression members shall be so designed that the metal will be co 
centrated, so far as practicable, in the webs and flanges, and so that the 
center of gravity. of the section will be near the center line of the member. a 

_ The thickness of each web shall be not less than one- -thirtieth of the dis- 
tance between the lines of rivets connecting it to the flanges. The thicknes 
of the cover- -plates | shall be 1 ‘not less than one-fortieth o the greatest distance 


mers § 2655 
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405. The width of ithe legs of angles in 
For: main members stress, twelve times the thickness. 
es For bracing and other secondary members, fourteen times the 


406. The two end | panels of the bottom chords at each end of single- track 
4 pin- -connected bridges, and the hip verticals and members with similar duties 


all have a strength at least equal. to that of the members connected, fiesed 
on the allowable unit stress in ‘the member. be 


aa (b) A right section with the same number of holes deducted ‘as appear § 


a (c) A right section with the holes in that section only deducted. bape 


a 


Tf Section (a) is less than Section (b), Section (b) shall be'wsed. 
i Tf Section (a) is equal to or greater than Section (b), but less than Sec- — 
tion (c), Section (a) +. for 
If Section (a) is equal to or gnedien then Section (c), Seetion (c) shall | 


Rivet holes shall be taken as in. than the diameter of 


7 


If angles in tension are on one. pide. of 
q effective area will be taken as the net area of the connected leg plus one-half — 


Se angles i in tension are connected so that bending cannot occur in any 
ffective area shall, be taken the net ar area of the angle. + 


In pin-connected, riveted, tension members tthe net section beyond 
the pin-hole, parallel to ‘the axis of the member, shall not be less than the net 
section of the member. ‘The net transverse section through the pin-hole shall 
be at least one- -third larger than fhe net section of the member. Riveted 
_ tension members shall be stitch-riveted where necessary, ‘to make a compact 


Tf the grip of rivets carrying calculated stress exceeds four and 

half times the diameter, the number of rivets ‘shall be. increased ‘at. least 1% 
for each additional % in. of grip. If the grip exceeds six times the diameter 
of the rivet, specially designed rivets shall be used. 


«492. Rivets shall be proportioned by their nominal diameter. ‘They | shall 


e ‘spaced not less than three diameters apart, center to center. oes ell 
? a the direction of stress they shall be paced not farther apart than six- 
teen times the thickness of the thinnest plate connected; and. at right angles 


bs to the: direction of stress, not farther “apart than thirty times shat thickness, — 


| 
| 
— 
: 
— 
= 
é 
| 
| 
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é except in the cover- -plates of compression members, where e the : spacing may be 
forty times the thickness of the thinnest plate. lt 

_ When two. or more plates are in contact and riveted for compactness, 


-compréssion members the pitch of rivets in. the ‘of. stress shall 
exceed four times the diameter for a distance | one and ~one- -h lf times t th 


edge less than one and one-half times the diameter, except in flanges of beam 

and channels, where the minimum distance may be one and one- quarter times 


thickness of the plate. Bese: 


¢ shall be 
on four sides sufficiently to hold the parts to place and 
ae transmit at least 25% of the stress through the splice material. The splice 
shall be as near the panel Members not faced for bear- 
3 415. If splice plates are not in direct contact with the parts which they 
-eonnect, rivets shall be used on each side of the joint in excess of the number ef 


required ‘for contact to of two extra: head cach. inter 


eae and shall have stay-plates as near each end as practicable.  Stay- -plates ys 
be provided. at intermediate points where the latticing is interrupted. 
7 f the end stay- -plates shall be not, less than 


than one-fiftieth of the same distance. TOONS 


417. In tension members: of shapes the separate segments 


= 
Lattice- bars of compression members shall be so spaced that the 


not be purer iad “two-thirds of the — of the memb er, and in no case more 
419. The latticing of compression members shall be proportioned to resist. 


a shearing stress normal to the member, not less than that ee fol- 


20 000. —p 
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rivets carrying stress pass through fillers, the fillers shall be extended 
f the | beyond the connected member and the extension secured by enough additional i 7 
-half 
— 
yond tm 
amet 

shall 
1% 
neter — 
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q 
= 
shall — 


in Bie 


=e 


edt gomis 
= moment of inertia of the section abies | an axis perpendicular to 
= distance from the neutral axis to he entree fiber, in inches 
ee ee = average compressive unit stress in the member = ——~ dt Fo aithiy. 


ee _ The greater of the values given by these two formulas shall be used. 


420. In compression members 1 with | cover- -plates, the cover- plates shall be 


assumed to take one-half the shear. bed? tlad-aco baa eno 
2 _ 421. The diameter of the rivet shall not exceed one-third of the width of Beng 


: the lattice- -bar. Lattice- -bars connecting to flanges more than 5 in. wide shall 
have at least two rivets imeachend. = 
422. The angle between the lattice- sect and the axis of the member shall 
=: be not less than 45° for double latticing, and 60° for single latticing, = 

_ The thickness of single lattice-bars shall be not less than one-fortieth, and 
of double lattice-bars, not less than one- -sixtieth, of the distance between rivets 


5 i 423. Where necessary to give the required section or bearing area, the 
- section at pin-holes shall be reinforced on each segment by plates. One plate 
2 on each side shall be as wide as the outstanding flanges will permit. These — 
atin shall contain: enough rivets, and be so connected, to transmit and dis- 
tribute the bearing pressure uniformly over the full cross-section and to reduce : 
: = the eccentricity of the segment to a minimum. At least one full-width plate 
on each segment shall extend to the far edge of the stay-plate and the others — 


494. Forked ends of compression members shall be avoided if practicable. 


Bae oor forked ends are used, enough pin- -plates shall be provided to give each 
_jaw the full strength of the compression member. At least one of these plates 7. 
ram extend to the farthest edge of the stay- -plates, and the others not less than 

6 in. beyond the near edge of the farther stay-plate. 


Floor- -beams preferably shall be square to the girders or 


shall be riveted directly to th the girders or to the posts. of the trusses. il 3 a = | 
Stringers in through spans shall be riveted between the floor- beams. 
~The connection angles shall be not less than 4 in. wide and $ in. finished 

hickness. Solid floors shall be connected to the girders or trusses by angles - 


not less than 4 in. finished thickness. odd Lo 


Plate girders shall be proportioned by the metenitt of inertia of their net 
lt including the compression sides; or by assuming that the flanges 
are concentrated at their centers of gravity, but not beyond the backs of the 
flange angles. In the latter case, one-eighth of the | gross section of the web, 
if properly spliced, may be ‘considered as flange section. For girders having 
E thusasl forms of section, the moment of inertia method den. be used. 
_ The gross section of the compression flange of a plate girder or a rolled 
shall not be less than the gross of the tension flange. 


=, 
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Flanges of plate girdera shall. be ‘made without cover-plates or 

side plates | unless angles of greater section than 6 by 6 in. by % in. would 

otherwise be required. tigi od} to qot edt basize 

_ Flange plates shall be reeds] tei thickness, or shall diminish in thickness 

from the flange angles outward. f No plate shall have a thickness greater than — 


_ When flange plates are used, at least one plate on each flange shall extend the : 
full length of the girder, and on through bridges, an end and corner cover- plate ; 
shall be used. By Any additional flange plates shall be of such length as to allow 
two rows of rivets of the regular pitch to be placed at each end of the plate, 


beyond the theoretical point required, and there shall be a sufficient number of ore 


‘Flange members that. are shall be by extra 


of the splice to transmit the stress of the parts cu it. 


7" No two members| shall be spliced at the same flange cross-section. 
t 


Ba Splices in the webs of plate girders shall be designed for both shea 


rivets: to transfer to the section the horizontal shear at ‘com- 
bined with any load that is applied directly | on the flange. Where ties rest Be 


on ‘the flange, one wheel load shall be assumed to be distributed over three ties. 
‘Stiffener angles shall be at end and a ‘points of concen- 
“trated load. Such stiffeners shall rot be crimped. The outstanding legs shall 
proportioned for bearing 1 shall extend out as nearly as practicable to 
the ed e of -the flan e an les. 


the clear distance, in i inches, between the stiffeners. od 
ot = the thickness, in inches, of the web. 
j ¥ s = the equivalent shearing stress on the gross vertical section, in 
pounds per square inch, obtained by dividing the sum of the 


jive load shear, impact shear, and two- thirds of the dead load 
ghear, by the gross grea of the 


t the Satanas shall not exceed (a) 6 ft., or (b) the depth between the flanges. 
ba : Tf the depth between the flanges is less. than fifty times the thick 
the web, intermediate stiffeners may be omitted. = 
[| “jie ‘thickness of intermediate stiffeners shall be not less than one- sixteent 
of the width of the outstanding legs. The outstanding leg shall reach as nea 
to the edge of the flange angle as-practicable. The widths shall not be less 


plu one-thirtieth 0: of the dept t etween 
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‘The top of gir ers be rigidly laterally, at 
panel points of the bridge, by brackets with web-plates. The brackets shall 
Sede to the top of the main girders and shall be as large as the clearance 
will allow. They shall be attached rigidly to the web-plate of the girder and 
to the top flange of the floor- oe . In solid floors these braces shall gate 


485. Bottom lateral bracing shall be provided in all spans except deck 
lel girder spans less than 50 ft. long. _ Continuous steel or concrete floors 


Top lateral bracing shall be in deck spans, and in through spans 


__ 486. Through truss spans shall have portal bra ing, with nae braces, as 


deep as the specified clearance will allow. 


ae - Through truss spans shall have sway- -bracing at every intermediate panel 
point if the height of the trusses is enough to allow a depth of 6 ft. or more for 
- the bracing. When the height of the trusses will not allow that depth, the top 


ey lateral struts shall be of the same depth as the chord, and shall have knee- | 


braces as large as the clearance will allow. 


noiaale truss spans shall have sway-bracing at every panel point. The top 
lateral loads shall be carried to the ‘supports by means of a complete: top 


‘Lateral bracing shall be rigid, with not less ‘than in each 


ae Fi ‘When a double system of bracing is used, both ‘systems may be considered 


effective simultaneously, if _ the, members meet requirements as both _ten- 


sion and compression members. —, 


In deck spans there shall. be cross- -frames_ at both ends 


ediate cross- 
oe 


5s 439. Viaduct bents preferably shall be composed of two supporting columns, 


- and towers shall be formed by uniting these bents in pairs. = = | 
_ The towers shall be braced both > “transversely and longitudinally with a 
_ double system of rigid diagonals, and shall have longitudinal and transverse 


struts at caps and bases and at all intermediate panel points. 


__[n double-track towers, the bracing shall be designed to transmit the longi- 

a tudinal force to both sides. 
_--‘Where long spans are supported c on short single bents, such bents shall have 4 
- hinged ends, or else the columns and anchorage shall be proportioned for the 
bending stresses produced by temperature changes. 


The bottom struts of viaduct. towers. shall be proportioned for the calcu- ; 


lated stresses, or for stresses in tension or compression not less than one-fourth 
dead load reaction on one pedestal. | column shall be 


The columns shall have 
vertical for single- an 
track viaducts, 


_ .440. The thickness of eye- -bars. shall be. oat less than 1 in., nor greater than 
2in ‘The thickness plus in shall not be less. than one: ‘eighth of 
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‘The section of the head Meenas the ter of the pin-hole shall exceed that SE 
of the body of the bar by at least 373 per cent. The diameter of the pin shall 
be not less than three- fourths of the width of bar. 


before the are made, pies 

The -bars of a set shall be symmetrical about the. plane’ ot. 
truss and as nearly parallel. as practicable. The inclination of any bar to the Sag 
plane of the truss:shall not exceed Ys in. to the foot. The bars shall be packed — 
close, held against lateral movement and ecbedhes arranged d that those in the . 


Expansion. 


442, Provision shall be made te expansion and contraction spans 
‘the rate of. 1 in. in 100 ft. ih spans more than 0 ft. long, provision shall | 


be made for expansion in the floor. inft 


aft 443. In spans more than 70 ft. long there shall be rollers at one wae: eee: 
Shorter spans shall be arranged to slide on smooth surfaces. 
7? Bearings and ends of ‘spans shall be secured against lateral movement. 


“shall be coupled with ‘substantial ‘side- -bars ‘ont to the 
and lower plates. _ The parts shall be arranged that the rollers can 


ae 445. Pedestals and shoes preferably shall be made | of cast t steel. The odif- 


erences in width between the top and bottom ‘bearing surfaces shall not exceed ae ‘ 


‘twice ‘the distance between them. For hinged bearings, the distance shall be 
measured from the center of | the pin. In built pedestals and shoes, the cweb- 
Plates and the angles connecting them to the base ‘plate shall be not less than 
S| in. thick. If the size of the pedestal permits, the webs shall be rigidly — 


~ connected transversely. The minimum thickness of the metal in cast-steel 


pedestals shall be 1 in. Pedestals and shoes shall be so constructed ‘that the 


load will be distributed uniformly over the entire bearing surface. Spans — 
more than 70 ft. long shall have hinged bearings iat both ends, 


446. For spans on an inclined grade and without hinged bearings, the sole PS 


0 or masonry plates shall be beveled so _ the masonry surfaces will be level. _ 
4 Anchorage ter Towers. od) madt at ad 


Anchor-bolts- for viaduet towers and similar structures” shall 
a designed: to engage a mass of masonry ‘the weight of which is ‘at least « one 
Anchor- bolts for trusses a mil girders shall not be man in. in ¢iem- 
and extend into the masonry not less than 12 in. 


448. The length of truss members shall be such that the ‘camber will be 
equal to the deflection produced by the dead load plus full train load without | : 
impact ; ordinarily this will be effected sodimanateeeed the length of the top 4 


The workmanship. and ‘finish shall be equal to the best general practice 

‘in ‘modern ‘bridge shops. | ‘Material at the shops shall be kept clean and pro-— 

from the weather « as far as practiouble. 
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Hise 502. be. being Ie laid off or 
ming shall be done by methods that are not injurious. Sharp kinks or bends 


as 503. Shearing and chipping shall be done neatly and accurately. If carry- 
ing calculated stress, structural steel exceeding ? in. in thickness, and alloy 
vs steel exceeding 4 in. in thickness, shall have } in. of metal planed from the 


sheared edges. _Re-entrant angles shall be filleted before cutting. 
; 604. Material, forming parts of a “member ‘composed o of not more than five 
thicknesses of metal, may be punched * in. larger. than the nominal diameter 
e% of the rivets, whenever the thickness (of the metal) is not greater than 3 in, 
for structural steel, or in. for alloy steel. When there are more than five 
cae thicknesses, or “when any of the main material is thicker than 2 in. in struc- 
2 tural steel, or 4 in. in alloy steel, all the holes shall be punched %s in. smaller, 
ea and after ‘assembling, reamed ve i in. larger, than the nominal diameter of the 
rivets; except that when the metal is thicker than the diameter of the rivet 
minus 3 in., the holes shall be drilled. 
a me The diameter of the die shall not exceed the diameter of the punch 
200r matchin of holes may be cause for rejection. _ 
606. Reaming shall be done after the pieces forming a built member are 
i assembled and so firmly bolted together that the surfaces are in close contact. 
‘Burrs on the outside surface shall be removed. ' The pieces shall be taken n 
apart before riveting, if necessary, and any shavings removed. - When it is 
necessary to take the members apart for shipping o r handling, the pieces 
‘reamed together shall be so marked that they may be re-assembled in the same 


position in t the final setting up. No | interchange of reamed parts will | be 


Reamers 


_ 508. Drilled holes shall be ts Hyp tk than the nominal diameter of the 
rivet. Burrs on_ the outside surfaces” shall be removed. _ Drilling shall be 
accurately done. m matching of of holes may be e cause f for rejection. 


_ assembling shall be only such as to bring the parts into position oo 

sufficient to enlarge the holes op thé 


«B11. Solid floor sections shall be assembled to the girders or trusses, or to 


Riveted tri 


a 


shall be ‘reamed. ‘must. be clean cut, without torn or ragged edges 


; 3 suitable frames, in the shop, and the end connections made to fit. gee ec cr 


— ar 
Ma 
Ma 
ais 
or 
she 
Rh 
4 
3 
a 
Ri 
ti 
ix 
big 
| 
a 
— 


: 
those i in lateral, longitudinal, and sway-bracing, shall be reamed or drilled to 


oe Connecting parts ‘assembled in the shop for the purpose of reaming 
or - drilling holes in field connections shall be match-marked, and a diagram 
showing such marks shall be furnished the Engineer. 
The ‘size 0 f rivets called f for on ‘the plans shall be the size before 
B15. Rivet heads’ shall be of shape and of uniform size for the 
game diameter of rivet. They shall be full, neatly made, concentric with the 


rivet holes, and in full contact ith the surface of the member. 


516. Rivets: shell be | heated uniformly toa light cherry red and drive: 
of the while hot. They shall be free from slag, scale, and carbon deposit. _ When ‘ 
e rivet driven, they shall completely fill the holes. Loose, burned, or otherwise defec- - 
tive rivets shall be In removing rivets, care shall be not to 


or re-cu 
"518. ‘When rivets are driven with a pneumatic hammer, 
matic bucker shall be used for holding up, when 


ore 


taken §@ 519. Field rivets shall be furnished in excess of the nominal number 
n it is required to the amount of 15%, plus ten rivets, for each size and length. is 
pieces 620. F ield rivets free from fins on the under side of the ead. 


mill be ‘Where. bolts are used to transmit shear, ‘the holes ‘shall 


a reamed parallel and the bolts — titke a ect fit with the threads yer 


vi jest 


all b 1 of deck girders and. at all 
‘shall be milled to hear, ageinst the flange angles. Other 
- stiffeners must fit sufficiently tight against the flange angles to exclude water — 
_ after being painted. _ Fillers and splice-plates shall fit within } in. at each we 
ay §24. Web- plates of girders which have no cover-plates may be 4 in. above 
or below the backs of the top flange angles. Web-plates of girders which have — 
_ cover- plates may be 4 in. less in width than the distance back to back of 
25. If -web-plates are ‘spliced, tere shall be not more ‘tha 


Facing Floor-Beams, Stringers, and Girders. pai od 

(526. Floor-beams, stringers, and girders having end angles shall 


be made of exact length. if facing is necessary, the thickness of the end co 


> 
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‘Finished ‘Members. 


a 527. Finished 1 members : shall be true to line and free from twists, 


faced and to an even "Where joints are not ‘the opening 


29. Eye-bars shall be true to size, and ‘ied folds. in 


3 s the neck or head, and other defects. The heads shall be made by upsetting, [ 


oe rolling, or forging, and not by welding. The form of the head will be deter- 
7 - mined by the dies in use at the works where the eye-bars are made, if they 
satisfactory to the Engineer. ' The thickness" the head and neck shall 
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_ 581. Before boring, all eye-bars shall be annealed or heat-treated to produce 
the required physical qualities, and shall be straightened. = 
__ 582. Other steel which has been partially heated shall be annealed unless 


Pin-holes shall true to gauge, smooth, straight, at right 
co angles with the axis of the member, and parallel with each other, unless other- 
vise required. The variation from the specified distance from outside to out- 
side of pin-holes in tension members, or from inside to inside of pin-holes i in 
_ compression members, shall not exceed % in. In built- -up members the boring 
shall be done after the member i a. 
«B84. The diameter of the pin- -hole shall not exceed that of the pin 
in for pins in. or less in “diameter, nor for larger pins. 


and shall be ‘turned accurately gauge. 
shall be straight, smooth, and free from flaws. 
a pins 9 in. or more in diameter there shall be a 2-in. hole ere cals: 
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nay $66. Bars s with screw ends ‘shall be upset so that the section at the root | 
of the thread will be at least 15% greater than in the body of the bar. > 


«587. Serew- shall ‘ft the nut-threads. shall be U. S. Standard, 
except that for pin ends of diameters weenie ‘than 1 12 i in., they shall be made 


The top and bottom surfaces of base-plates and cap- o-plates of col-— 
‘umns and pedestals, except surfaces to be in contact with masonry, shall be 
planed or else hot-straightened. The parts of members in contact with them 
a shall be faced to fit . Connection angles for base-plates and cap- “plates. shall 
ee: riveted to compression members before the members are faced. ee 
689. Sole plates of plate girders shall have full contact with the Bee ee 
ia Sole plates and masonry plates shall be:planed or else hot- steieltanel. 
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TIONS FOR STEEL RATLWAY BRIDGES Mat 


pedestals shall be the surface in steel. The bottom 
surfaces to rest on masonry shall be rough-finished. 


-§40. Two ‘pilot nuts and driving ‘nuts for each size of | pin shall be 

ee 541. Unless otherwise specified, steel work shall be thoroughly cleaned and 
given one coat of approved paint, after it has been accepted by the Inspector _ : 
and before leaving the shop . The paint shall be applied i in a workmanlike © 
manner, and well worked wall joints and open spaces. Cleaning shall be done 
with steel brushes, hammers, scrapers, and chisels, or by other equally effective 
means. _ Oil, paraftin, and grease shall be removed by the use of benzine or gaso-. 
line. Loose dirt shall be brushed off with a dry bristle brush. . Surfaces not 

in contact but inaccessible after assembling shall be painted. 


- 542. Machined-finished surfaces of steel, except abutting joints and base- 


‘shall be coated with white lead and tallow applied hot as “soon as the 


surfaces have been finished and acce ted b ‘the Inspector. _ 4” 


The Contractor shall. the: Inspector, without charge, facilities 
for inspection of materials and workmanship in the shop. The Inspector shall 
allowed free access to the mecessary parts” of the 


B44 The Contractor shall furnish to the Engineer as many copies. of 
‘material or orders and shipping statements as the Engineer may direct. 


W eights of ‘the individual members shall be shown on the statements, 

. 545. ‘The Contractor shall give ample notice to the 
ning of rolling in the mill, and of work in the shop, so that inspection may 
be provided. No material shall be rolled, nor work done in shop, before t the 


Engineer h has been so notified. ist Al 


546. The Inspector shall have : authority to reject materials or workman 
ship which do not meet the requirements of these specifications. Ih case of 
dispute, the Contractor may. appeal to the | 


+647. The acceptance ‘of any material or finished members by the Inspector 
shall not be a bar to their subsequent rejection, if found defective. = =~ 

Rejected material and workmanship or made 


out 602. The number ap size of the bars to be tested shall be stipulated by — 
Engineer before the mill order has been The number 


‘if within ‘the 
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Test bars representing bars too long for the testing machine shall be selected 
from the full-length bar material after the heads on one end have been 
formed. Then they shall be cut and the: second making a bar 


of the greatest length that can be tested. 


604. The minimum requirements for full-size eye- be as 


ning Yield point, in pounds per square inch.............e05 te io pac 

_ Ultimate strength, i in pounds per square inch sree 60) 000 ih keg 

The elongation shall be measured i in the body of the bar, ‘melding the frac- 9} of 


ture. The fracture shall show a silky or finely granular structure throughout. 


Tern 605. If a bar fails ‘te meet ae requirements of Article 604 two additional — 
_ bars of the same size and from the same mill heat shall be tested. , The bars 9 
__ represented by the test may be re-annealed before the additional bars are § 

tested. If two of the three bars tested fail, the bars of that test and mill § be 


606. A record of the annealing charges showing the bars in each charge 


| te and details of the treatment as to temperature and time, shall be furnished to 


ity 
«607. Bars tested full-size shall be paid for by the at the same ? 
rate as the bars accepted, if they meet the requirements of the specifications. a 


Bars which fail to meet these requirements, and bars rejected as a result: of x Cl 
testa, shall not be paid for by the ‘Company. 
as ~. 701. The payment in pound- -price contracts shall be based on the scale 
weight of the metal in the fabricated strucfure, including field rivets shipped. 
The weight of the field paint and cement, if furnished, boxes and barrels used 
for packing, and material used for staying or supporting members on cars, 
4 Any weight in excess of 13% n more than the « computed 


902. If the scale weight of any member is less than 974% - of the co 
puted it shall be cause for rejection. of ind #9 


oF 
te ig 103. The weight | of steel shall be assumed as 0. 2833 Ib. per cu. in. me The 
weight of cast iron shall be assumed as 0.2604 Ib. “per cu. fini? 


; 704. The weights of rolled shapes, and of plates’ up to and including 36 in. 

in width, shall be computed on the basis of their nominal weights and dimen- 
gions, as shown on the approved shop drawings, deducting for copes, cuts, and 
open holes. For plates more than 36 in. in width, there shall be added to the | 
nominal weight’ one-half the allowed percentage of over-run in weight. given 
_-'The weight of the heads of shop-driven rivets shall be included ir in the com- 
The weights of castings : shall be computed from the dimensions shown on 
the shop. with 10% added for fillets and over-run. 
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Zi 705. The finished work shall be weighed in the presence of the Inspector, — 
if of tie The Contractor shall acales the 


Bolts est rivets of: one length and diameter, and loose rivets and washers ‘of J 
‘each gize, shall be packed separately. Pins, other small parts, and small 
| packages of bolts, rivets, washers, and nuts, shall be shipped in boxes, crates, 
kegs, or barrels, but the gross weight of any package shall not exceed 300 Ib. — 
On the outside of each package be plainly a list and description 


turning. 

anchorage or g ‘illage materials 


a Lee | 


Bon 


The steel shall be made by the open- hearth proce 


a 802. The steel shall conform to the following requirements as to chemical 


ephorus Acid... .Not more than 0 06% Not. more than 0. 
Bak 803. An analysis of each melt of steel shall be made by the manufacturer ay 
to determine the percentages of carbon, manganese, phosphorus, and sulfur. 
Bere analysis shall be made from a test ingot taken during the pouring of the 
melt. The chemical composition thus determined shall be reported to the 
Engineer or his representative, and shall -eonform to the requirements specified 


ati 804. Analysis may be made by ‘the Engineer from finished material repre- 
senting each melt. The phosphorus and sulfur content thus determined shall 


"not exceed that specified in Article 802 by more than 25 per cent. ane *o Buy f 


805. The material shall conform to “the requirements as to 
806. In order to meet the ‘required ‘strength of full- -size 
annealed eye- -bars, the Engineer may determine the tensile strength to 

_ obtained in specimen tests; the range shall not exceed ‘14 000 Ib. per sq. in., 
x nd the maximum shall not exceed 74000 Tb. per sq. in. The material shall 
to. the requirements ‘as to physical properties other than tensile 

strength, specified i in Articles 805, 808, 809, and 811. 
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FICATIONS FOR STEEL BRIDGES 4: 


determined by the drop of the beam ° 


808. For structural steel more than in. in thickness, or diameter, a 
tion of 0. 25% from the percentage of elongation in 8 in. specified in Article 
805 shall be made for each 2: in. of the specified thickness or diameter more 
- than # in.; but the reduced percentage shall not be less than 18 per cent. ; al 

as 809. For structural steel less than *s in. in thickness, or diameter, a deduc- 
tion of 1.25% from the percentages of elongation in 8 in. specified in Article - 
ae 805 shall be made for each #2 in. in thickness or diameter less than *% in. 


Propedeios | structural Rivet steel. a 


Yield point, minimum, pounds per square inch 0.5 tensile eth 0.5 tensile ee 


‘Tensile strength, in pounds per square inch 55 000—65 000* 


Bes more than 13 in. in thickness, around a pin the diameter of which is equal 


but in no case less than 80 000. 
ake Elongation in 8 in., minimum, percentage uty 1 500 000 aa 
k Elongation in Sin., minimum, percentage. 


being bent cold through 180° without cracking on the outside ‘of the 
portion, as follows: Material 2 in. or less in thickness, flat on_ itself; 
- material more than 3 in., to and including 1} in., in thickness, around a pin 
the diameter of which i is equal to the thickness of the specimen; and material 


811. Bend test specimens for eye- -bar_ flats shall stand being bent 
‘ ae through 180° without cracking on the outside of the bent portion as follows: 


- Material 3? in. or less in thickness, around a pin the diameter of which is equal 
the thickness of the specimen material more than in., to and including» 
14 in., in thickness, around a pin the diameter of which is “equal to twice the 
” “thickness of the specimen; and material more than 1} in. in thickness, around © 
% pin the diameter of which is equal: three times the thickness of the 
2 Be 812. Bend test specimens for rivet steel shall stand being bent cold through 
180° flat on on the outside of the bent ‘portion. 


Me 813. Test s be for testing from the in its 
or | except as specified in Articles ‘814 and 815. 


816. Test specimens shall be taken longitudinally and, poy as specified 
in Articles 818, 819, and be of the full thickness oF section 0 of material 
for plates, a. flats 1 


and dimensions shown in 3, or with both ‘Bend test 
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Tension test specimens 


819. test specimens for material. more. than 14 in. 
meter, except eye-bar flats, pins, and rollers, may be machined to a thickness — J 


or diameter of at least ? in., or to 1 in. by 4 in. in section. eee ee nee, x 
820. Tension test specimens for pins and rollers” shall « conform 


dimensions shown in Fig. 4, and bend test specimens shall » 1 in. . by 


¥ 


Note:- The Gauge Length, Parallel Section 


and Fillets shall be as shown, but the Ends 


may weet any Shape: to fit the Holders of - 


elt 


194 

- 821. Test specimens for pins and rollers shall be talen so that the axis is 
$22. The machined sides of rectangular bend test specimens may have the oe 
rounded to a radius of not more att 

"998. One tension and one from cash melt; except. 


that if material from one melt differs 3 in. or more thickness, one ‘tension 


"824, If any test specimen shows defective machining or develops esrced 
may be and another specimen substituted. 

* 825. If the percentage of elongation of any tension test specimen is load ; 
than that specified in Article 805 and any | part of the fracture i is more than 
4 in. from the center of the gauge length of a 2-in. specimen, or is outside 

- the middle- third of the gauge length of an 8-in. specimen, as indicated = 

scratches marked on the specimen before testing, a re- -test shall be 


re 826. The cross-section or weight of each piece of steel shall not vary more 
than’ 2.5% from that specified; except in the case of sheared plates, which 
- shall be covered by the permissible variations specified in Articles 827 and 828. 

inch of roller steel i is assumed: 0. 2833 Ib.) ay 


‘or material more than 14 in. in thickness or 
— may be machined to a thickness or diameter § 
due- of at least 3 In. for a length of at least 9 in., or they may conform to the a 
ticle dimensions shown in Fig. 4. “iol? edt 
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‘ weight per square foot, ep of each lot in each 
in; _ shipment shall not vary from the weight ordered more than the amount given 


al _ The term “lot” as applied to Table 3 means all the plates | of each group 


"998. When ordered to thickness, the thickness of shall not vary 


_ _ The over- -weight of each lot in each shipment shall not exceed the amount 

The term “lot” as = to Table 4, means in each group 


voxel.” 
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foot of individual plates shall not vary from the weight 
more one and one-third times the amount given in this tae. ast 


be legibly stamped or rolled on all finished material, except that when loaded | 

for shipment, rivet and lattice-bars and other small sections shall be properly | 

separated and marked for identification. The identification marks shall be 

-_ leaibly stamped on the end of each pin and roller. The melt number shall — 
_ be legibly marked, by stamping if if practicable, on each test specimen. oe. “a 


Mot, The Inspector representing ‘the Engineer shall have free entry, at all 
times: while work on the contract of the Engineer is being performed, to all 
5 parts of the Manufacturer’ 8 works ‘which concern the manufacture of the 
_ material ordered. The Manufacturer shall afford _ the Inspector, without 
charge, all reasonable facilities to satisfy him that the material is being 
furnished in accordance with these specifications. All tests (except check 
analyses) and inspection, shall be made at the place of manufacture prior to 
shipment, unless otherwise specified, “ry shall be so aor seta as not to inter- 
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come Article 804 shall be reported within five working days from ‘the 


833. Material which shows injurious defects subsequent to its acceptance - 
at the Manufacturer’s works will be rejected, and the Manufacturer euudents 


TABLE 4 
TO ‘THICKNESS: EXPRESSED IN PERCENTAGES OF 


— 


inches. 96 to | 108 to | 120 to 


in., | 72in. i 96 in., | 108 in.,| 120in.,|182in.,} or 
, i excl. excl. | excl. | excl. | more, 


Less t an \%... 


= 


af Blin 


Under. 


= The weight of “individual plates ordered to thickness shall not exceed the 
weight by more than one and one-third times the amount given in this table. 


th Samples tested in accor 
jected material, shall be preserved for two veh tg from the ‘date of the tent 
report. In case of dissatisfaction with the results of the tests, the — 


turer may make claim for a rehearing within that time. 


901. The steel shall be by th the open. -hearth ‘process. 


er — 902. _A sufficient discard shall be made from each ingot, to secure freed m 


injurious piping and undue | segregation. “toh 


The steel shall conform 


Carbon, percentage. .. seeeeeeesss nOt more than 0. 40 not more than 0.44 | 


ing of ‘the melt. chemical composition determined shall be 


to the Engineer or his representative and shall | conform | to the requirements: 
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906. The material ‘shall conform + to the following es as to tensile 
Tensile s strength, in pounds per square inch.. 


Yield minimum, in per square 


Reduction of area, minimum ercentage. . 30t 


a. The yield point shall be determined by the « drop of the beam of the 
- testing ‘machine when “operated at a cross-head speed, not greater than } in. per | 
~The testing machine shall not be to ot the drop of the beam. 


For material more 2 in. in thickness, of 0.25% from 
the percentage of elongation specified in Article 906, shall be made for each | 


_ vs in. of the specified. thickness as than 2 in. ; but the reduced percentage 


For material more than 3 in. in, thickness, a of 0. 50% frog | 
the percentage of reduction of area specified i in Article 906, shall be made for 
each. - ts in. of the specified thickness more than 3 in.; : but the reduced per- 


centage shall not be less than 24 per cent. ay 

- 910. The test specimen shall stand being bent cold through 180° without 

cracking on the outside of the bent portion around a pin, the diameter of 

More than 1 in. to 1} in in., inelusive. 2 times the thickness 


«911. specimens shall be prepared: for testing from the material in 
we soled: or forged condition, except as specified in Article 912, = | 
912. Test specimens for annealed material shall be prepared from. the 
ae material | as annealed for use, or from a short length of a full s section simi- 

_ 918, Test specimens shall be taken longitudinally, and, except as specified 

# in Articles 915 and 916, shall he of the full thickness or section of material as 
--: 914. Test specimens for p linen” shapes, and flats may be machined to the 
and dimensions sh shown in Fig. 5, or with both edges parallel. T 
an 915. Tension test specimens for | material more than 1 in. in thickness or 
aeis _ diameter may be machined to a thickness or diameter of at least 3 in., for a 
Bend test specimens for material more than in, thickness or | 
a diameter may be machined to a thickness or diameter of at least 3 in., or to 


ray 


See Article 908. 
See Article 909. 
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918, Two tension and one bend test shall be made from each melt; except = 
that, if material from one melt differs § in. or more in thickness, one tension — 


and one bend test shall: be made from both the thickest | and the thinnest — 


If any test specimen shows defective machining or develops flaws, it 
fensile may y be discarded and another specimen substituted. at (aT 


ates 


3 


990. it the of elongation of any tension test specimen less 
than that specified in Article 906 and any part of the fracture is’ outside the ; 
middle third of the gauge length, as indicated by marks placed on the epecimen 
before testing, a re-test shall be allowed. beth 


> 921. Articles 826 to 834, on Structural Steel, shall apply to Silicon Stel, 


to secure from i injurious piping and undue segregation. 


1003. The conform to the following requirements as 


4 ‘Structural Steel. 119; oye Rivet 

rial as 

for Nickel ...... .+++. not less than 3. “not less ‘than 3 


or to 1004. An analysis of each melt of steel shall made 
I to determine the percentages of the elements specified in Article 1003. This a 
analysis shall be made from a test ingot taken during the pouring of the melt. | 
‘The chemical composition _ thus determined shall be reported to the Engineer 
or his and shall conform specified in 
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1005. Analyses may be madd the Bugineer from finished 
representing each melt. The chemical composition thus determined shall 
conform to the requirements specified in Article 1008.0 


equirements as to tensile prop- § to | 

bar flats" Eye- bar flats* Hes 

Rivet steel. and rollers, ‘and pins,: 

and'bars. “unannealed. | annealed: 

Tensile >» strength, in pounds = a 

70 000-80 000 | 85 000-100 000 110-110 000 | 90 000-105 000 che 
Yield point, minimum, in 
in minimum | _1 500 000 500 000+ _1 500 000¢ 


PETCODLAZE. Tensile strength Tensile stren, th Tensile stren th 


1007. The yield point shall be determined ly the drop of the. pa of the 


H 


in.; but the percentage shall not less per cent. 


1009. All broken tension test ‘shall either a or very 0 

fine of uniform color and free from coarse crystals. 
1010. Bend vice specimens shall stand being bent cold through 180° without By 
cracking on the outside of the bent portion, as follows: Material 3 in. or less 9 
a thickness, around a pin the diameter of which is equal ‘to the thickness of § t 
7 specimen; and material more than 3 in. in thickness, around a pin the ty 
diameter of which is equal to twice the thickness of the specimen. _ tiny. 9 | 
4011. Bend test for rivet steel stand being bent cold through 


stand drifting until Ad diameter is ‘enlarged 50% without cracking the metal. 


1018. Test specimens shall be for testing from the material in its” 
rolled or forged condition, except as specified in Articles 1014 and 1015. RA ot 
1014. Test specimens for annealed material shall be prepared from the 
ee material as annealed for use, or from a short length of a full section similarly 
 : 1015. If the percentage of elongation of any tension test ‘specimen is less 
than that specified i in Article 1006 and any part of the fracture is more than 
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metal. 


yin. from he of the gauge of a 2-in. specimen, or is t 
middle third of the gauge length of an 8-in. specimen, as indicated by scribe | ig 
scratches marked on - specimen before testing, a re-test shall be allowed. pepe 


1016. Articles 815 “66! 824 and 826 to 884, on Structural Steel, shall appl 


soihsi az uliagal Sutieg alf, to, alt sort 


4101. Cast shall be by the. “hearth, th the electric furnace, or 


the crucible process. 


Castings shall be annealed. re oe {lade bas 
Test specimens of cast steel shall conform the asto 


faximum p osphorus. | yield point, in _ elongation, reduction 
sulfur, strength, in pounds per inSin.. of area, 


pounds per 


square inch. vaery inch. | percentage. 


y 


Basic 0. 


Ladle Analyses, 


1104, An analysis of melt “of steel ‘shall ‘be ‘made tiy: Manufacturer 


‘analysis ‘shall be made from drillings taken at the 
surface of a test ingot obtained during the pouring of the melt. The chemical | 


composition thus determined shall be reported to the Enginee 

1105. Check analyses may be made by the Engineer from a broken te tension & a 

or bend test specimen. The phosphorus and sulfur content thus determined 

shall not exceed that specified in Article 1103 by more than 20 per cent. 


for — not less than in. beneath the surface. 


1106. “he yield of 


fer 


— 1107. The test specimen shall bend cold through 90° around a Lin 


without cracking on the outside ¢ of the bent portion. = pital 


~ 1108. Tension and bend test specimens shall be tales from test bars cast — 
a to the castings where practicable. If the design is such that test bars 
should not be attached to the castings, the bars shall be cast attached to special z 
blocks, of which a sufficient number shall be provided for each lot of castings. — rhe 
Test bars from which tension and bend test specimens are to be taken, shall — 
remain attached to the castings or blocks they represent through annealing and 
until presented for t inspection. - Test bars shall be provided in sufficient num- 
bers to furnish the tests required i in Article 1111. BY, 

_ 1109. Tension test specimens shall conform to the dimensions shown in a 
Fig. ends shall be of a form to fit the holders of the 
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ct aaa 1110. Bend test . specimens: shall be machined to 1 in. 


¢ corners rounded #0 #,Fadine of not, than ost to 


«a. One tension test and, when specified, one bend test. shall be made 
from each melt in each annealing charge and, when specified, from each c¢ast- 


(1112. If the percentage of elongation. of | any tension test specimen is less 
iat that specified in Article 1103 and any part of the fracture is more than 
2 in. from the center of the gauge length, as indicated by scribe scratches 
_ marked on the specimen before testing, a re-test shall be allowed. — 
- 1113. If the results of the physical tests of any test lot do not conform - to 
the requirements specified, the manufacturer may re- -anneal such lot’ not more 


than twice and re-tests ‘shall be made as specified in Article 1103. > 


q 


1114. The castings: shall conform substantially to the drawings. They 
‘shall be made in a workmanlike manner and shall be ‘free: injurious 
1115. Tests and inspection shall be made at of manufacture 
to shipment, and shall be so conducted as not to interfere unnecessarily with 
h P f h k | ol 


14 


5 
1116. Gian which show injurious defects subsequent to their acceptance - 


‘ the Manufacturer’s works will be rejected and the ‘Manufacturer shall be § 


by. in. | in section, 


po 


1201. Cast i iron, when required, shall conform to the -_ S. T. M.. Standard el 
ny Specifications, A 48-18, for Gray-Iron Castings, and A 88-24, for High- Test Bf, 
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AMERICAN 


oclety is not. ‘responsible ‘fo or any statement made or opinion expressed: 


H. Ne 


Messrs. JoHn A. ‘Witsoe | AND 


OHN A. Witsoe + Esq. by letter). two supporting papers§ of this 
report contain | views ‘that will contribute much to the development of a suc- 
cessful reclamation policy. They do not mention, however, the most sine 


‘connected with the Federal irrigation ‘movement, namely, that land recla- 
mation as a National activity, is rooted deeply in National policies, ‘not pol . 


ties. Federal reclamation is an expression of a twofold desire: To possess the es 


_ entire country by full and profitable settlement and to establish more firmly a 


the most important source of National stability—agricultur by 
de landless, land-loving men with farms. _ That i isa National concern. National 


alii § reclamation | policies, therefore, must look to ‘ultimate rather than to imme- 


Or There is a veiled fear i in the report of the Committee that Federal irrigation 


interfere with private business, and that rigorous restrictions, therefore, 
must be set’ up. Such interference would be a misuse of the Reclamation Act. 
F ederal reclamation activities ‘should concern themselves primarily 


4 
projects that private enterprise Gannot, or will not, undertake. In fact, this 
as been done. t Few, if any, ‘of the splendid major structures of the Bureau 


has 
of Reclamation would have been built Witte! private capital. - The Governmen 


ventures have encouraged, not competed with, individual enterprises. ‘Th 
eal jd greatest recent private irrigation development in America has been “inspired 


by, and coincident with, the growth: of I Federal irrigation. The wealth 


-® Discussion of the report of the Committee of the Irrigation Division on AD National 


= t Received by the Secretary, 28, 1929. Sead oil 


Am. Soe. E., May, 1929, Papers, 8s ons, pp. 1193. an nd 1207. 
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TA NATIONAL RECLAMATION PoLIoY 
s used profitably on ‘private the Federal projects have 
not brought the Government into business, but rather have increased private 


‘The present: field for Federal irrigation is probably the completion | 
rounding out ‘of existing projects, private and Governmental. Many private 


projects are unfinished and they represent large money losses. The reclamation 


bring these into profitable some of the 


‘table year. -Tnsurance can “be provided by a supplementary "supply of 


‘the Reclamation Act, but are the scope of practice 
Then, also, small pioneering communities, ‘in the very raw,” are scattered 
- abou it in the desert, waiting for help—aside from their own toil—to « construct 
the 1 little reservoir and canal necessary to bring the | meager reward d of their 


are disdained by the banker; for such communities 


is not accomplished | iods of time 
beyond those recognized in the magnet place. be 


oa available for successful reclamation. = “Men cannot, under r ordinary conditions, 
@ : ~ reclaim the desert in one year or in ten years.” Men g grow old and leave their 
sons after them to convert the dry desert into desirable homes. _ Governmental 
assistance must be given often at an immediate loss, but with ultimate gain. ) 
4 ‘The form which this assistance took in the ‘Reclamation Act was the 1 use of 
interest money in the construction of the projects. The capital was to be 
a repaid, but no more was expected a OM) water user. No better or fairer ind 
has yet been devised. |The suggestion” of the Committee that the necessary 


should. appear in “the assumption of a part) of the co ost of project 


ost should be Should the first settlers, 
_ project is new ne struggling, pay the same rate of Interest as those who 


_ gome on later, when much of the pioneer work: has been done? It would be 
_ better to cling to the wise statesmanship of the original Act. 
oh Lack of knowledge the principles involved in reclamation by 


forvard in ‘irrigation i is ‘the present problem, ‘The. past can be 


ie _ Among t the mistakes | of the Federal irrigation venture, none is more glaring 
; hen the assumption that to provide water for land is the « essence of a success- 
ful irrigation project. The human factor is ignored, The error, oleae sant 
further in the a assumption that water was more 1 important than land or man. 


; Alkaline water on ‘good land, or good water on land of low productivity, s spells 
failure; the best of water on the best of land will yield no success | ur nless_ the 


Boe. C. E., September, 1928, Papers and Discussions, 
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inborn: power. can use the combination 
water a and land profitably. The s stern: dictum, of the future must. be: Do 
e not impound or divert alkali water for irrigation purposes until | Science can 
omen how such water may be used safely; (2) do not build iereatien ces 


for, lands. of low productivity, until Science has. taught owners how to. farm ie 


them profitably ; @) supply. the water user (the man who is to combine water 
and Jand into a unit of civilization) knowledge, tools, ‘and money, if 


¥ necessary ; and (4) vary the annual repayment with the possible annual income. 
the Reclamation Service is foolish to bring water to infertile lands, 


ort 


consideration. ‘The | best of engineering structures—ample water, fertile soil, 
and good markets—are_ demanded; ; but the man who uses all ‘these factors, 


determines the _suecess of the combination, and. his needs, which are more 


Gea to meet than the stresses and strains of the dam, must, be the concern 


of. the new day in reclamation. by irrigation. radi 


' One eannot have. an intimate know vledge | of conditions i in Europe and. tak 


‘the ditch, slowly, , and the ‘building of n new irrigation, works and, the opening 


of new Projects come with equal deliberation. i cannot be otherwise, oni 


: 


Reclamation Policy must be judged By the ik theoretical, effect 


: of such policy on the prosperity, the comfort, ‘and the health of thé Nation as 


-awhole. It is to be assumed that ‘the report of the Comimites of the Irrigation 9 
has ‘National, as contrasted with ‘lo¢al, viewpoint in mind. 


Tf, for example, the drift of affairs should be such that the Federal poli 
; ih promoting the reclamation of 1000000 acres, should r 


‘should discourage the States, irrigation districts, or organized 
under State laws, from reclaiming 2.000 000 acres of better land, then there 
‘must be something wrong. Not that this is an established fact; the tendency 


‘frst’ point made ‘that of the unwisdom of waiving inter- 


est payments, emphasizes this tendency. Its effect is that of a subsidy, one by 


i 


which le ess t than 7% of the owners ‘of f irrigated lands, those’ on Federal I projects, 
enjoy ‘interest- £86 advances, while more than 98%, that 4s, land ‘owtiérs 


‘State or corporate projects, m mu ust pay full. To state it in anothér way; “It 


* Proceedings, Am. Soc. C. E., 1929, Discussions, Dp. 1207. 
+ Formerly Chf., U. S. ‘Reclamation ‘Service ; ‘how Pres. , The ‘Research ‘Service; n 

_ $ Received by the Secretary, October 26, 1929. es ‘ya 
Proceedings, Am. Soc. C. #., Septertiber, 1928, ‘Papers ana Discussions; p. 2097; 
May) 1929, Papers and Discussions, p. 1193. oni 
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should ‘be taxed! toe he purpose of a Taree subsidy on only 


on 
exists then 1 the | answer | seems obvious as to why is more advanced 


- m many ‘States and irrigation districts, and also why efforts are concentrated 
getting more As as Unele ‘Sam with 


assigned for “the “large’ percentage 0! of failures of the ‘farmers’ on ‘Federal 
‘Projects has” been that, these ‘men, stimulated by the 


spirit, have acres 


‘and, with lack of capital aind experience, they have fallen into debt. 


4 


"They might have fed their families, got less into debt; and acquired’ skill on 


* Holm way in which this remarkable situation has come about, s should be kept 
‘dearly in’ mind ‘evaluating ‘the points: of the Committee ‘report.’ Most 
engineers have forgotten, if they éver knew, how these’ remarkable precedents . 


= ‘of easy credits were established ; how it happened that land owners on Federal ( 


 itrigation ‘projects: are ‘exempt from interest payments and form a class apart 
from other debtors of ‘the Government. To get the full import of the Com- 


7 
report, it is desirable to sketch briefly the from which a start 


wont } le yaibliod odt bes , yiwole 


as “When the’ Reclamation’ Act wa as signed 
1902, it had | been preceded by nearly fourteer 


a Maj. J ohn W. Powell. under the authority of Congress (Acts of. March 20 


‘made and the direction taken during’ the last quarter of'a century in the devel. 


by President Roosevelt on June 1, 


n _ years of investigation initiated 


October, , 2, , 1888), Topographic, and hydrographic. surveys leading, to ‘the 


“selection, of, various desirable. projects, by. 1901, were well ‘undet “way. 


when Theodore, Roosevelt became President it was possible to give him 


sufficient. information to. enable him, in his first, “message, _ to bring the needs 


the country forcibly to the attention of Congress, tine 


During preceding decades -rapid Progress, 


millions of acres of arid land. had been irrigated by. individual or co- ‘operative 


e effort; other millions of acres had been selected or purchased. for r reclamat 


‘The rate ‘of growth of irrigation at the beginning of the Twentieth Century 
however, was slowing down 


doy The, economi _Teasons: for were not, then 
fully understood. Attention was, ‘concentrated upon certain obstacles which 


might. be removed by the F ederal | Government and which, if ‘removed, it was 


believed, might stimulate further Aevelopment, by individuals and_ State aid. 
4 The great,.wayes: of westward movement of people, which marked ‘the 


Nineteenth Century, had begun to ‘subside, but the still ‘remained ; 


there, was demand for more land to | ‘be opened... - This } was on the assumption that 


the pioneer spirit still” continued. Here was fallacy the was spirit of 


pioneering had, been overshawdowed by, the spirit of speculation. ‘What really 
er dominated v was the thirst for pioneer profits ‘rather than for homes on the land. 


1 been made to each of the Western States ‘Fecognize 


had been made in irrigation; 
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responsibilities. As an the Carey: Act was 


= in 1894. permitting the; States to. select. public. lands and initiate 


reclamation. projects: within their. boundaries. Much enthusiasm was aroused, 
- lo the, States did not rise to the.opportunities; the conditions were such that 


BPP 


under ‘the, Carey Act. either the real \Bioneer_ farmers: nor suc- 


b 


ernment would take the lead in a senien, of experiments. Year after year un- 


‘irrigation works, It w 
was, devised to. making an The result was. by 


_ diverting certain moneys before they became part of the general funds in | 


scheme circumvented the “watch-dogs of, the Treasury”: 


Jars 


undertaken or even, ‘by t the ‘States, 


ree 


reasons | either. that the lands were owned by, the Federal, Government, or becaus 


there: were certain, interstate and international: difficulties involved, 4 from 
x the fact. that the first costs were so large as. to be practically prohibitive... ae 
condition should be kept i in mind -in order. to understand the starting 


“s point of the National reclamation. policy, In choosing, among the large : nu : 
ber of projects presented at that, time, one of the first. requirements was that. 


any, project to be considered should consist of public land; next . that. there fe 


- should. be some obstacle insurmountable by. private agencies, such as State =e 
lines. or ‘of rights, of. <a character such that. they . could be: acquired only by, 


th e Federal Government, 13 Moreover, it was a: requisite that the enterprise 
should be of ‘such, nature ‘that it w was improbable, that. private capital, could 


aa At that time it was not a question of choosing the easier or more attractive 


the Practically all, the: easy. or; cheap; 


Carey, Act, of acres. including ‘schemes which. then, seemed. “prac: 


ticable.. The, requirement was that the Federal Government, should, under: 
take, in each. State one of the ‘rejects”, or; an, jenterprise so vast; that private | 


| 


 aepital,, even if aided by the State , could, not, hope for success ; or it should 


‘ich confine its efforts to places where, interstate. and international complications 
was existed... For example, one. of the first, determined upon; was the Milk River 


aid. Project, om, the Canadian border, necessitating a treaty with Great Britain: 


in storing water andjon. large. of public land then at 


ake Ay 


eaterprises the particular difficulty |to, be overcome and formed the 


ese obstacles have been: forgotten,, but at th 
e they were the chief. factors. | In each case as careful a 


study. as, possible | was made, not only of topography. and hydrography, 
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of ‘climate, soil, prospective crops, and markets, well as of the’ ‘econ- 
features’ which might be e expected. “There was, of ‘course, relatively 
little known at that time” concerni | of soils under irrigation, 

ut the experts of the a of Agriculture were consulted. _ They sub- if 


y conducted experiment “stations ‘on ‘the projects such “to make 


ion of facts for future guidance. 


 "Phis: National reclamation policy ‘was gradually ‘modified in detail as 


Secretaries of the were called upon to ‘act i in ‘specific 
eases s. The principal chan ges in t e original policy ca me when Secret tary 
Lane, confessedly weary of put tie 


responsibility “upon Congress. ‘Here was the breaking point from what might 

have been called the Rooseveltian policy of executive decisions. 
time | the various “Secretaries of the Interior, co- operating with | the Secre- 


 taries of “Agriculture, had selected ‘the best experts, appointed of 


_ there resulted, in the opinion of many engineers, a a sacrifice of scientific and 


According to the ‘ideals the: founders’ of ‘the National reclamation 
policy, the results should be judged, not s so ‘much ‘by the : 
gated, nor by the total » value of products, as by the influence for ; good u 
individuals and associations ‘of ‘citizens. Federal reclamation’ has” 
or less, to the area of irrigated lands in the arid region. has done 
this by overcoming what at ’ the time ‘seemed to be insurmountable obstacles 
? and: not by following the easy ‘course. In studying the results of reclaiming 
‘relatively small area of irrigated land, by the use of Federal funds 
- question may well be asked whether the outcome has helped or hindered further » 
aided i in the prosperity of: ‘the 90% of land ‘irrigated: 
by other than Federal funds Ts the Federal Government catrying’ out its 
as promise of stimulating individuals, communities, and States to increased 
adtivities in building up the arid West, or the reverse? q 


The nation- wide publicity  ¢ given. the affairs of the beneficiaries of the 
tended to or minimize in ‘the mi minds "of the 


tine where the ‘the 10% of J ews: impresses the world being 

é ar more important than that of the 90% of Arabs. Soi in the mind of the 
publie® the prosperity ‘of the West has | appeared to be tied 1 up with the 10% 
of owners unde er Federal Projects; the teat growth” 


Ine her respect ‘also’ those acts, ‘sometimes regarded as Federal 

various “that the defects of the Carey 

would have been quickly remedied if hopes had ‘not been pinned to the 
ee ederal Reclamation Act. | This was passed at about the time that financiers — 

d statesmen ‘were discovering remedies for the difficulties encountered: by 
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of irrigation ises. It that instead of 


the -States—as had beer hoped when the Federal Government 


began. to overcome physical obstacles, as well as interstate and international 


_ difficulties—the r reverse took place; the State officials, instead of emulating 
these efforts, sat back to see the outcome. 


ir Criticism has been made of the waiving of interest payments to be made 


by the owners of land which have | been reclaimed and made valuable by the | 
use of Federal funds. At th the time that these | payments began » to fall due, 


the idea was disseminated (and not discouraged) by Secretary Lane, that the 
and kindly Uncle not oppress any owners ; ‘on the con- 


an invitation, ‘when coupled with on 


+ the floor of Congress at the time of the ‘passage of the Reclamation Act, 


to the effect: that the land owners would repudiate these debts. Thus, there 


came about an active campaign, not of outright repudiation, | but for an 
— indefinite extension of time. The effect of this was not confined ably 


debts owed by land owners to ‘the > Government; it was seriously argued ‘that 


4 other y wealthy institutions, banks and loan companies, should also be generous 


On certain Government projects. the spirit of repudiation was so strong that ; 


financial houses hesitated or declined to do business i in the localities, because 


of a general lowering « of moral or ; financial standards due to the encourage- 
ment laid at the » doors of Federal officials. _ : It is not to be inferred that there 


was not real hardship in many cases. Under ‘the “present system, however, Ae 


‘full diseretion cannot be used “by Bureau All debtor land | owners 


connection that the Secretary of the Interior duals 


with the ‘people ‘project, not as farmers, but as land owners; and 

also- that a large proportion of these ‘land “owners (debtor of the Govern- 
_mertt) oy not cultivate the land themselves; they are non-re -resident landlords. 


are bankers, business and professional men, clerks, and laborers: tryin 
# to earn a living in town and renting the land to tenants. Due to these con 
"ditions ‘the burden laid on ‘the back of the actual cultivator | of the ‘soil often 


as not been ‘diminished by executive leniency. Because of these easy te 
given to the: land owners resulting speculation, the land prices” 


- sharply ‘advanced : ~The man who actually works in the fields has not been 


ich immediately concerns engineers, ond, othe 
citizens is as to whether the States, the irrigation districts, and corporations 


have: been stimulated by the Federal ‘activities. It may be asked whether 


these agencies might not have been more effective if the Federal Government 
kept out of the field; the course of events might 1 have foreed the States 


to attack ‘the reclamation problem through ‘the terms of the Carey Act 


needed modification. this is hypothetical, but leads to the _con-— 
clusion that, with the | “experience of a quarter of a century, there ‘should be | 


a modification of Federal reclamation Policy along the lines proposed by the 
Committee and o one that will bring about 


; through encouraging these State agencies. — 
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sa) PAPERS AND DISCUSSIONS 


clety is not recbonatt for any statement made or opinion expre 


a ‘ ATHUR A ‘Suurrierr,t Eso. (by letter). §—In he ibe f cities and 


, 


towns: the part played by engineers will always be one 0: of the most . important. 


The landscape architect, the architect, the sculptor, the financier, and the men Bird 


law ‘cannot be left out, however, without injury to ‘the city 
Plan both at the beginning and during the progress of the development. — If 
any one of these men plays too large a part at the | expense of the others, the | 


design of the city will suffer ‘either i in 1 good appearance, convenience of use, 


financially, or in the mechanical operation. _ Evidently , the wit, ‘devotion, or 


“inspiration | of one man may help a city vastly by starting an excellent plan 
in the right direction, but the value of such a man to a community increases 


as. he gathers about him men ‘representing all the professions and the art . 


‘The day has passed when any man of good judgment would attempt. to 
plan an entire. city single- handed. To- day, most communities are not inclined ey 
to trust a single | individual, unless he has: the ‘genius to bring” all the other 


needed minds mia the work and to give , these minds { full ‘scope for their abili- 


ties and talents. A man ‘who works alone handicaps himself ‘ and the com- 


The ideal | man is one ‘possessing the best training, large experience, 


generous co- operative instincts, and “ability to work constructively with all 


4 the many men who must participate in the designing of modern communitie 


a A man like this | may | be an engineer, an architect, a statesman, or ? landscape 
architect ; the important element is co- 


* Discussion of the ‘paper by Arthur 


_ § Received by the Secretary, October 16, 1929, f 
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“AMERICAN: SOCIETY oF ENGINEERS 


PAPERS AND "DISCUSSIONS 


Society is not om statement mate or opinion 


S. Ricumonp,} Esq. (by letter) .§—One of the discussers, Mr ‘Feld, 
three questions: having to do with stress distribution which 

_ he states|| the writer makes no attempt to ‘discuss. | The treatment of 

subject in ‘detail lies outside the seope of the paper. As indicated by Pro- 
fessor Timoshenko, it is assumed in treating problems. in elastic stability 
4 that failure is to occur, not through over- stress, but by excessive distortion 


VAY any 


"below the yield point. 1 ‘The analyses are based upon relations prevailing below 


Recognition, however, is given in the paper to the weakening effect of a 
load similar to 1) the crippling load, but less ‘in value; | but the designer must 


out the stress relations particular ‘design, n making proper applica 


The writer’s value for the t torsional resistance functions of x and H-sections - 


only tentative. In theoretical studies, it should be recognized that this 4 


‘function: not only varies from the polar moment of inertia, but that for these 
ty ypes of section, it actually has 1 no relation thereto. 

discussion by Messrs. Seely, Putnam, and Schwalbe** is exceedingly 

interesting in illustration of the experimental determination o! of the “shear- 

center” in channels. ‘The writer has not seen any discussion of this principle et 
in the standard works | on structural mechanics. Students have been free to _ 

arrive at all | sorts of er erroneous conclusions as to ‘to the gation. 


continued from August, 
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$ Received by the Secretary, 20. Pap oe end Discussions, p. 


(OND E 


: within fn Timit of the « curve for the crippling load and for low slenderness 
ratios, meets arbitrarily. assigned. working s stress. ult is to. be be noted that 
their formula,” Equa ion (53), is “upon ‘the condition, a = = . and that 


their working 1 formula assumes ‘this; therefore, care should be taken to see 


| condition prevails. In“many~ -problems, this is an “important 


GVA 
Eh? would be possible to ‘derive a working formula for any given class and | 


writer, jowever, would. prefer n not to > erystallize the theorems 


et working formulas at this time, but would express the hope that the prin- | ee 


se of beam; t 


ciples: brought into consideration, should receive further study 

- eourse be given recognition in the drafting of codes of design 

where light and open-work types’ of ‘construction are concern 

oe writer is obligated to Mr. Parcel} and oth commentators§ for « ci a- 


tions of analyses by previous investigators, showing points of correspondence 
« 


ith his own 1 work. 


© Proceedings, Am, Soc. C. E., May, 1929, Papers and Discussions, Dp. 1285. 

Loc, cit., August, 1929, Discussions, p. 1643. 
Loe. cit., April, 1929, Papers and Discussions, p. 1087. 
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AMERICAN SOCIETY OF CIVIL ENGINEERS 


. 


to a TE D, 1 5 2 | odt ‘sonted bars 


PAPERS AND DISCUSSIONS 


This ‘society is not responsible for any statement made or opinion expressed 
OED 


“attib coviy oulev B Tras | tiqga dt 


THE GRAPHICAL SOLUTION. ‘OF A 


mort OOL CORRELATION TABL biee ad 3) 


4 


| 


Ss. Evans, Esq. ‘(by letter). §—The trend ob the discussion 
to indicate that the writer considered the graphical solution to be superior 
arithmetical solution for solving correlation tables. - This is not the ibe 


Dunlap|| was correct stating that, “the. advantage of the graphical 


Sma is in the under nding and g grasp derived of the proble 
tion while learning about this method of analysis.” sha 


Bs: if a numerical answer - only is sought, plain arithmetic. is the best method 
by which to obtain ite Means ‘and standard. deviations are very easily obtained 


drawing to seale, time required to the solution i is ‘no! 


The four hours. required to solve the 
Fig. If the finished is not the graphical solu 


tion is entirely out. of place and 20. min. is sufficient. The writer has ‘solved — 


many similar tables in that length of time, after making the table which is a 
part of the graphical solution. If speed i is the controlling factor, then punch- © 
‘ing, sorting, tabulating, and calculating | machines are. ‘the implements which 
‘should be used. The average engineer, however, has many lessons to —_ 
before he is able to use such devices i in solving his statistical problems. . 


Dunlap s states that it is better to assume ‘the o origin: as near as 
* ‘the center of gravity of the table than near one corner to avoid ae: ashe 


_  * Discussion paper by Weston., Evans, Esq.,_ 

 $ Asst. Prof. , Civ. Eng., Univ. of Maine, Orono, M i 
Received by the Secretary, October 9, 1929. 

Am. Soc. C. E., May, 1929, Papers and Discussions, p. 129 
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numbers. * Fort paper solution this is correct. The writer 


has been accustomed to adding machines on which the negative sign becomes 

a source of trouble and the magnitude « of the numbers is of little consequence, 
Furthermore, when the data are tabulated on cards ; for. use in sorting and 
tabulating machines, tl the code for any variable firabt start with the lowest 
oe alues, and hence the origin will be in the lower left-hand corner. - Although 
as the choice of origin is optional, t the writer believes: that the best — is tof 

avail negative s signs. — 22UD2id. GVA. 
explanation of the regression equations as given by Mr. Strachan} 

is worthy of elaboration. In the two regression formulas, 2 z= = 0. 90 y yt 
, and y= 
if that although ‘both apply a the same . data, a a given va 

values of x. . For example, ify = 100 in Equation (5a), x will equal 102.22; 
but it cannot. be said that if z= 102. 22, y will equal 100, since, from Equs- 


tion (la would equal: 101. 00. As r ‘decreases, the difference between the 
two equations will imerease. In Equation (62), x is the mean of all: -day 
ratios that will occur for any given 28- day ratio; while i in Equation (Ta) 3 y is 
the mean of all 28- -day ratios that will oc occur r a given day “ratio. This: 

principle, so seldom applied to. engineering data, is one of the bes answers 


to the question, “Why a correlation table?” | 


‘The discussions by ‘Messrs. Moyert and Hatch§ are = 


‘ the problem of solving 2 a correlation table, but are nevertheless very interesting. 


akobsen|| has welll expressed the value of determining the probable 


rror r of observations, estimates, mathematical conclusions. The: writer 


sions rather than long drawn-out which: frequently lead to nothing. 
‘In closing, the writer wishes to emphasize that means, standard deviations, 
and correlation: coefficients a are constants which are necessary to establish facts 


regard to the relationship existing of variables. For 


Am. Soc. C. E., May, 1929, Papers and Discussions, p. 1294." * 
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4 
— 
ee = ase actory; but as relationships become intricate and many, the partial an = 
i: f ss multiple coefficients, as outlined by Mr. Hatch, will relate facts that can 7 
obtained in no other way. Whether the correlation table is solved graphically 
airithmetically, its use in the engineering field should become more common 
and thereby give a better understanding of the relationship between cause and 
— 
Be 
Loc. cit., May, 1929, Papers and Discussions, p. 1299. 
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‘PAPERS AND ‘DISCUSSIONS | 


‘This. is ‘not ‘Fesponsible for statement made. or opinion expressed 


tia to t lott ad Fount Si 


ON FEDERAL IRRIGATION ‘PROJECTS | 


ote Groner N. Carter, M. Am. Soc. 


assembled and presented 2 a vast amount of data gleaned from actual irrigation 


iY ore. one well acquainted with the project to which any one of the detail ae 


twenty: four tabulations§ may ‘relate, the information is especially valuable 


i" However, to apply these figures - to the design of a new project, , without ‘intimate 


knowledge of all the details which affect the demand and use of ferigation 


water, quite likely might ‘result. disastrously Iti is just as dangerous to ‘Project 
‘such data ‘into the development field ‘as to 2 apply wrongly any highly 


ny et Tes is | to be noted that the use of water varies widely, between the limits of | i 
0. 65 acre- -ft. per y year (the minimum on the Milk River Project, in Montana ~. 


and 7 7. 01 acre- -ft. per year (the maximum on ‘the King Hill Project, in Idaho). 


Between ‘these limits are found ‘two projects ‘that are. ‘successful and we 


7 balanced i in every respect, | ‘the Yakima (Sunnyside Division), in ‘Washington, 


the Boite, in Idaho, with an annual use of 3. and’ 8.¢ .60 acre 


bate 


f ai By the expression, “well-balanced >” is meant that soil conditions are normal, 
ey there is ‘such | a thing as normal soil; that temperature and growing ‘season 


conducive to maturing ‘numerous and diversified crops, ‘indigenous to the 


zones; that no reliance 1 may be} placed « on rainfall and plant growth 


* Discussion of the paper by BE. B. Debler, M. Am. Soc. C. E., continued from August, 
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Factors which to the wide v 
have been quite helpful if the author could have enlarged upon his mip 


tion and classification of soils of the various projects. For example, on the — 
King Hill Project, the use of water (see Table 6)* ‘gteatly ‘exceeds et 
other projects ‘appear excessive and w wasteful to one “unacquainted 


istic is quite illu inating. ‘The te top-s il, averaging from 2 to 3 ft. in depth, is 
light and nd is is underlaid b Snake River black lava sand ‘to great 
depths. The water- -consuming possibilities. of this soil and subsoil are obvious 


Cs likewise is the problem that such a condition imposes upon the farmer. | i 
gations must be very frequent. The writer examined a field. of alfalfa seeding 


on the King Hill Project, planted with a nurse e crop | of wheat, and found the + 
young alfalfa plants wilting six days after thorough irrigation. . Furthermore, ‘2 

the application of such large quantities of water is rapidly leaching all plant oa 
; ‘ood elements out of the ‘soil, as s demonstrated by the fact that each ‘year the - 


se of water is increasing, while crop yields are gradually decreasing. tt cide ma 


‘The mnethods of securing field data and reducing them to as ‘accurate forms 


practice. The Twin Falls North 
Land and ‘Water while constructing a 185 000-acre Carey Act Irri- 
gation project in Idaho, carried on for five years what was perhaps as com- = 


prehensive and thorough a study of the use of water for irrigation as has ever rf 


been undertaken in the United States. The under-measurement of water _ 


r § 


delivered to the farmer was found to be 5%, occasioned in large part by the _ 
tendency | of the ‘Cipolletti_ weir to under- -read_ due to velocity. of approach, 


caused by silting of weir ‘pools. It. was found | more ‘satisfactory. to, calibrate 


aa 


bh 


he weirs in in, their actual operating condition, employing expert hydrographers_ 
for the purpose, than to attempt to maintain them in ideal physical I condition 
author finds+ the expression “loss. ‘in feet of depth, per. day” over 


exposed water surface. or wetted perimeter ‘ “impractical.” ’ Ita occurs 


writer that, this is a most rational measure of canal. loss, Expressed on this 


basis, a = is. afforded which may be applied to any operating 
canal system may carry full load 


# 


onditions, the loss in fe et of depth per } iis will be | practically | 2 
the same, while percentage of loss varies: greatly. Wide, shallow, 


canals will have a higher percentage loss than, when the same 


quantity of 5 ‘water 3 is ‘conveyed i in a deeper and higher-velocity channel, while 


the loss_ in depth of feet per day over wetted perimeter of ‘exposed water. sur- 

face is the same for either type of canal, all other conditions being equal., aaa 5 

a) Some elaboration 1 might well be made as to the quantities s of 7 waste expressed a 

oper of Total Diversions for “Seasons”, in Tables 1 to. An 
iciently operated canal | system should ‘not waste out of the lower end much A 

more than 4 or 5% of the total supply. Through careful operation, | this ; figure yg 

is often reduced to 2 ) or 8 per cent. ~ Any: waste of more than 4% is ordinarily 


avoidable. ‘Therefore, in using the author’s data on this item, it may be under- — 
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_ stood that the large ‘percentages are voluntary and need not be ae as a 
= necessary part of the available supply. 


The collection and intelligent application of data ‘euch | as author has 


presented, are invaluable in a consideration of any irrigation project, espe- 


a one. Owners and operators qu quite ntly y under- estimate the 


with respect to. the use water, as by detail 


- records, will locate places of excessive loss and point the way to a remedy, — 
: oe saving many times the cost of such work. ae ig 


Given favorable soil and climatic the prosperity 


project: is reflected almost en entirely by quantity of water it has: available. 
Despite extravagant and wasteful use, water- logging of land, ‘and other diff 


culties ordinarily credited to over-use of water, the project ’s well- -being a 
: financial success will be in ‘proportion to the quantity of water used. 


_values, diversity. and intensity of farming, and crop yields, all go. down in 


- proportion as the available water supply diminishes, and almost without heanelil 


a tion the greatest use of water is found to be coupled with the pros- 


The popular and numeréus investigations ‘undertaken throughout the irri-- 


They were predicated on 1 laboratory than act 


Bo conditions, a a nd they aimed at a result which would be the minimum, in - 
a ded to 
Knowledge of under which ‘the farmer would 


be to till, these extended acres was lacking. The expe- 


| demonstrated 
bev nd Wat 


the beginning of on a large scale’ Western. 
— States it seemed desirable to produce a maximum of crop per unit of water, 


but now it : is evident that the maximum per unit of land is the only basis 


upon which the irrigation farmer can remain. . Otherwise, taxes, overhead, 
a labor, and equipment costs, carry the to the point of “Diminishi 


return”: and frequently beyond PRA 


Witness the voluntary efforts and of ‘many -operative irri- 
tion companies to enlarge their water supplies after they have received 
; * trol « of their projects from the builders. They have learned, during the y 


pioneering, that only with | a ‘generous and dependable: water supply an 
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WATER SUPPLY FROM RAINFALL ON 


Ay 


By W. P. Rowe, Assoc. M. Am. Soo.0.E. 

. W. P. Rowsz,} A Assoc. M. Am. Soo. C. E. (by letter). $—The question of con 

_ sumptive us uses of various types. of vegetation is is one that i is s being studied bys a 


_ The author has spent ¢ considerable effort in determining the | consumptive 
use of the vegetation on various water-sheds in Southern California. Of all the 
 water-sheds given in Fig. 6§ and Table 11,|| Devil and Waterman Canyons are 
a ‘the only ones which have a brush cover similar to the valley floor area, the iS 


ff others, reaching to higher elevations, have considerable areas of pine and soak ; 


timber. The author states] that “the Valley of San Bernardino is a sloping 


plain and the purpose of ‘this illustration is assumed t to have a — 


sheds except Devil Canyon and. Waterman Canyonn 
_ -Transpiration losses from these two water-sheds occur from two d distinct types 
“4 of vegetation. The canyon bottom with its eoncentration of escaping seepag 
] water in the form of underflow and surface streams supports a water-loving — 
_ growth in which. alders predominate, The area above the ) canyon bottom sup- as 


ports a vegetation that is Nature’ 8 solution to » the problem of a water-shed 


is the. true chaparral of dwarf forest. It will coppice readily a after being aan 


_ ONT and.in a few years the cover is as thick as it was before the fire. Without 
. Faae Discussion of the paper by A. L. Sonderegger, M. Am. Soc. C. E., continued from 


a Received by the Secretary, August 26, 1929, uit! BB, 20 £09 QRAIOTE 
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Any Ww ith the summer streams in the low a titude of South- 


rn California, i in which class Devil, Canyon and, Waterman 


knows ‘thas Saoes | S a grea ‘variation, between the quantity flowing in the 
evening. This variation is caused almost. entirely by 

transpiration’ ‘iyoned by the! timné and distance 
: elements of of percolation, In Devil Canyon. the floor will f fluctuate as 1 much as 1.0 
ae sec-ft., , the 1 morning flow being 1.5. sec-ft. and the evening flow, 0.5 sec- ft. ‘ = 


Fie not a measure of the total transpiration losses from the | entire stream-bed 
oh, growth th because the time for the surface water, in the stream 1 to pass through 
. p growth has a tendency to overlap ‘the fluctuations. . The writer has found that 


 alders on the desert side of the. San Bern nardino Mountain have a consumptive 
use of 8 acre-ft. per acre per annum, W hich is probably greater than the it 


mi alders under the cooler climate as given by the author* for the = Arrowhead 
The writer fails to check the author’ s rainfall data, « as shown on Fig. 8.* 
_ ‘The elevation of the g gauging station on Devil Canyon is about 1800 a ee 4 
sea level. The crest of the Devil Canyon’ water- shed meanders for a distance of 
about re miles at an average elevation of 5 000 ft.. The ‘air-line distance across — 
the « canyon between the 5 000-ft. contours on either side is about 24 miles. ‘The a 
ater-she -shed is a typical fan- shaped one with its narrowest ‘part at | the gauging ‘ 
station. | In Table 8,+ the rainfall for ‘Squirrel ‘Inn, at the summit ‘of the moun 
tain, , but easterly | of Devil Canyon, is is given as 73.58 in. for 1921-22 and’44.27 in. 
: for 1929- -23. The rainfall for Devore at’ about the same elevation | as the 
gauging station; but westerly: thereof! is given as 59.99 in. for 1921-22 and 80. 16 
in. for 1922-23. author omits the’ Arrowhead Springs rainfall record. This 
_ Station is east of the Devil ‘Canyon gauging station and had a rainfall a 
39.49 in. in 1921-22 and 19.58 in. in 1999-93. It is about: the same éleva- 
tion as the Devore ‘rainfall’ station ‘and the Devil Canyon gauging station. 
The average > of the Arrowhead Springs” and Devore records’ would: give the 
ate rainfall at the lowest and narrowest end of the Devil Canyon 


water-shed. This would 1 make’ the 1921- 22 and the 1922- 23 Yainfall’ at the 


“are averaged with the Beton Inn record ‘to ‘obtain’ the average rainfall for 


increases as rit: appr ‘the crest where the ‘yainfall 4s ‘gtéatest. 8, ‘abe 
When: these figures of for the. Devil water-shed 
4 are compared with. the 


vegetation is seen to be 40 in. ‘for the wet | season of 1921-22 and 27° ‘in. 


for the dry season following, There was probably some. hold-over , seepage : 
water from 1921- -22 which was available for plant life in 1922-23, ‘so that the 


average use of 83 in. for the two s seasons would ber Bs 
May, 1156. 
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of what ‘The brush | near ‘the of the ridges 
will transpire less water than the brush farther down ‘the slopes because the 


“seepage water has ‘a’ tendency to escape down hill where it becomes available 
for ‘growth on the lower areas after the ‘upper area is deficient in moisture. 
The brush on the northern exposures, being in the shade: ‘a longer period of 


time, will require less moisture than that ‘on the hot southern exposures. Tt 
will ‘be seen from: this: that Rreaberhayepe consumptive us use of the « cover for the 


use of the brush will be more than 3.0 4 ‘dcre-ft. te, 


The outwash slopes of Devil Waterman are composed. of 
sands, ‘gravels, a -bould 


chaparral, chamise "This growth is neither as large nor 
luxuriant. as on the ‘northern exposures within the two water- sheds, 


the southerly exposures of the outwash. slopes. offer maximum conditions: for 
transpiration losses. T The writer instrumental in having installed a set 


of overhead ‘sprinklers: on. a test area | at the mouth of Devil Canyon by means 


of which the moisture available for plant growth could be augmented by 
¥ ‘artificial x rains. __ Experiments are now being conducted by the Department of 


Agriculture, under the direction of of Henry . Blaney, Assoc. Am. Soe. 


‘The roots of the native chaparral extend to a a depth of 18 Water was 


f “applied to the test: t plot t through the sprinklers during the night hours in the 
“spring when the a air was cool and there was s no wind. The « quantity falling 
the area was | determined by ‘means of rain gauges scattered over the | area. _ An 
application of water at ‘the rate of 1 in: per hour for 4 hours produced no 
-run- ~off. The author has pointed o ut that, when comparing thountain | growth 
-chamisal with outwash ‘slope chamisal, it must be remembered that in 1 ‘the 
“mountain growths: ‘the root zone is limited by the depth to bed- “rock, whereas i in 
“the ) outwash | slopes the root zone is limited by the depth of rainfall penetration 
“over an average of several years. ~The deep penetration of rainfall during a wet 
year will, no doubt, ‘stimulate the root growth and encourage it to. extend x 
doops, but the dry years with a lack of deep penetration ‘will cause the deeper ; 
roots: to become dormant. Any curtailment of chaparral” ‘growth on the 
porous ‘outwash slopes will result i in an additional quantity available for deep 
"penetration to the underground water plane. After the deep- rooted native 
§ ush is removed and the area, cultivated ed, but later abandoned, th 
; annuals soon overrun: the area. These. annuals, have a depth of root mone of 
about 8 ft. which, > compared with the deep-rooted chaparral, 
‘result: ina lessened consumptive use by the weeds and a A consequent greate 
supply to the underground water. Ina region. where at least. 95% of the water 
supply is obtained from: ground-water sources, this item becomes of. ‘great 
oe, Fig. 14 shows. the effect of fire on the chaparral cover in the mountain 
areas. Devil Canyon, with an area of 6: 16 sq. miles above the gauging sta- ie 
tion, adjoi ins Waterman Canyon with an area of 4. 55. sq. miles.. "These two ao 


canyons, have. identical exposures, and altitudes, are typi ally fan- sha ed and 


h- 
1g, 

he 

by 
= 
in- 

onsimp- 

ive 
ses 

ad — 
| 
— 

— 

— 
1 

a 

76 4 
a 

se 

for 
in. 
ed 

ed 
in. 

ge 
he 
— 
ive 
— | 


probably have. arf of main traveled to the mountain 
4 “resort area in the San Bernardino Mountains traverses the length of Water- 
“man Canyon, There have been frequent fires in the Waterman Oanyon area, 

while Devil Canyon is more isolated and, prior to 1924, had had no serious 


entirely burned o over. hse, bed growth, however, generally, escapes 
a these fires, either because of its position in the bottom of. the canyon, or, 
because of a higher moisture content in the vegetation, or perhaps a com- 


bination of both. The ¢ oor in : the Devil Canyon water- shed escaped burning 


bi 
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does 46 ‘Monthly Run-off from Devil Canyon in Acre Feet per Square Mile 


Fic. EFFECT OF FIRE ON CHAPARRAL Cover IN MOUNTAIN AREAS IN CALIFORNIA. 


nee Stream-flow observations were made ow both eanyons for a few years | follow- 


ing the Waterman Canyon f fire. “comparison between the stream flow of 


7 _ Devil Canyon and Waterman Canyon i is shown in Fig. 14. The low flows in 
winter omitted the diagram to avoid with “summer flows” 


m Devil —— 


~per 
= 
% 
— 192 
pre 
be 
— 
ate throughout the year. “The ile more | 
exceeded that fro produced 515 | 


arr 


as ‘the anyon Ww 
the needs of canyon- -bottom yielded a a. 
Devil Canyon flow, this excess of 515 acre- -ft. per sq. mile, or 0. 8 acre-ft. ~ per : 
‘acre, must be due o the decreased evapo- transpiration caused by the 


burning of the sediag cover. ne The next season of heavy stream- flow record is 
-1921- -22, which i is also shown i in the diagram. a This | curve ‘approaches the Tine | 


of equal run-off « of both water- sheds, but i is ‘still on the Waterman Canyon s side 
probably because of several small fires on that -_water- shed, which the 
“aggregate accounted for ‘a considerable area of burned brush cover between 


Tn 1994 a fire anal ‘one-half 
bi a fire burned over about one-hal the Devil Canyon weer shed. é. 


4 curve has been drawn from the st stream- flow data since 1924, — The Devil 


wee. 


Canyon ‘discharge has been corrected for diversions to. the City” of San | Ber- 
nardino. This last curve falls on the ‘Devil: ‘Canyon side of ‘the line of 
‘equal flow. The differences between the curves for “Waterman Canyon an 


q 


‘Devil ‘Diaven 3 in Figs. 6 6 and 10* ; are due to the burning: of the brush on the 


Waterman Canyon area. In this r region where water is so valuable it appears 
to the writer that brush fires, which are the greatest. menace to the timber- _ 
ands in the higher area, and which excite the professional | conservationist to 
hysteria and furnish the local 1 newspaper with seare-heads rivaling those of 
“some major action in the World War, are far from being an economic wast 

All that remains is ‘to put the excess run-off into the ground. Nature, by 
‘experimenting with. this ‘problem for thousands of years, has provided. the 


-débris cones or outwash slopes below the mouths of the for this 


AT eahbigtbeb use of the brush cover on the outwash slopes i is the dete - 


mining factor in deep: penetration of rainfall on the valley floor. the 


rainfall on the valley floor, and the consumptive use of the cover, 


ence will be deg penetration. run- off from the brush~ covered floor 


is negligible. The author, after determining the requirements of the: 


“cover for the Devil ea water- -shed 0 on 1 Fig. 8, ignores this factor when con- 
‘the valley 


- 


Devil Canyon curve would ' have been better 


tions, as it retained its ‘natural bru sh cov yer until the fire of 1924. Column — 


of ‘Table 10 shows the ‘seasonal rainfall to ‘be expected from storms, ‘as 3 
given in Column (2). Tf the author had applied his consumptive use curve sas 
shown in Fig. 8 to ‘this. seasonal rainfall, he ‘would have found that ‘there — 


would have have ‘been lef left for deep penetration and run-off on the valley” floor an s 


area, 
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"The a author does. not t distinguish the of storm ms occurring i in 


the winter x months of December, January, and ‘February, when native chaparral 
_ growth is practically dormant, and the ‘effect of storms during the months. of 
" st April, and May, when the chaparral i is making its most active > growth 


_ due to the ideal conditions of long warm days. and high soil moisture ‘content. 


ae he] had determined the relation between the ¢ consumptive use of the chaparral 

the mountain. areas and that of the _yalley chaparral this question would 

have been taken care of in the comparison. The greatest difficulty i in the way af 


‘of such a comparison would be the effect of hold- over seepage water in the 


_ When the ‘Department of Agriculture has completed its sty’ of the con- be 


sumptive use of native plants: on the San Bernardino Valley floor, it may be 


found that this. is not such an important item as the writer ‘believes. $8 ‘The d 
author has offered ‘the basis for a ‘comparison between consumptive ‘uses of 


‘mountain and valley- floor brush, which can be ‘in the future 
resorting to. elaborate continuous field’ Investigations’ required 
‘Department of ‘Agri eultur The writer ‘is convinced that there is ‘a very” Bey 
important contribution to the underground water ‘supply in ‘Southern Cali- 
fornia from deep penetration: ‘of rainfall on the valley floor, but he can. not 
5 conceive of such a figure as 250 acre-ft. per oy. mile y per year as an average | for the 
brush-covered lands of. the San Bernardino Valley. ‘The writer believes that 
63 the greatest value of such a study was utilized when areas that were formerly Vi 
-brush-covered became cultivated with crops and orchards. As a result of this 


_improvement the ‘transpiration losses from: the native ‘growths that: would 


draw on the rainfall were conserved and utilized for the growth of valuable 
crops and the | creation of taxable wealth. Studies: made by J. B. ‘Lippincott, 
M. An. Soe. in the Santa Ana Valley, and by Harold ‘Conkling, Am. 
5. 


in the San 1 Gabriel ‘Valley, show. that. the substitution of 
tivated crops for brush- covered areas has made very little inroad on the total 
water supply as it was ¢ conceived, to. be, at, the beginning, f the Twentieth 


valley floor will | be derived by. increasing this. quantity through Temoving the 
a9 brush- cover, or, substituting, a shallower rooted growth... ‘The brush on the 

mountain sides is absolutely essential and should not. be. destroyed, but there 
is. the possibility of some systematic burning to ‘Temove the. ‘Are 
Determination of Penetration from Soil. Moisture Tests on North Mesa, 


M urietta-Temecula Area—Table 4* shows the. specific gravity, porosity, and 


probable yield of. two soil samples at Test Plot No. 1, one: from: a depth of 2 ft., 
and the other from a depth of A ft. The increase in specific gravity, decrease 
in porosity, and ¢ decrease in probable yield for the sample from a depth of 4 ft. 2 


would indicate a marked, change i in, soil structure, : The ‘author. states thatt i 


the region’ arid and the soil is an. ancient, rather compact 


— SUPPLY FROM RAINFALL [Papers, 
2700 ROWE ‘ON, WATER SUPPLY FR | 
stead of 16 in., for the three storms given fo 
of 3 in, instead 
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af 


alluvium, 2 a ‘iednibination which ‘would ¢ 
clusion that no deep penetration could: occur.” «The writer: 


observation of the ‘region while conducting an unsuccessful search for Test 


Plot. No. 1 shown ‘on Pig. 4,* and ‘noticed a heavy hardpan’ ‘underlying the 
top. soil wherever erosions: had revealed the soil 't o a depth’ of 4 €t. | ~The’ exis 
—venee of hardpan i is the best indication of the depth of rainfall penetration o 
whieh the writer has knowledge: The hog wallows and puddles mentioned by 
the author+ indicate that there is no hed penetration of water, at least in 


An examination of the data presented i in a Table 6 5t shows that the soil under 7 


Plot No. 1 is either’ very heterogeneous or that some. 
were introduced vf} Column (6) of ‘Table 5 shows» that: the soil for all depths 
below the fifth foot was below field capacity on March 7, 1927. This fact 
would indicate that either ‘the root zone of vegetation ‘extends to a greater, 
ae pth than 15 ft., or that the data given in Column (2) are not typical for the 


weal test plot. Opie one comparing Columns (7) and (2) of Table 5, is led 


to believe that there was no ‘deep penetration whatsoever, because the soil 
at all depths to 15 ft. -was’léss than the field capacity. The building 


of “dikes « or levees’ around ‘the test plot would n that 


conclusive evidence that the fluctuations were due penetration 
* soft rainfall. The data for Well No o. 129 shows that, despite the heavy rain in 
the season of 1926- 27, the water level i n July was lower ‘than it was for the ? 
"preceding year. There is no ‘synchronism: between the fluctuations: of Well 
No. L8N and any others listed. ‘The lack of frequency of measurements for 
- Wells Nos. 131 and 14, 1 which have the least depth to water, prevents" ‘any 


accurate atndy' being made as to the effect of rainfall. These might be pres- 


_ which creates the springs and artesian wells mentioned by the author. § If, as 
_ the author states, * “there is corroborative testimony that. the flow of the wells 


sei 


an springs varies” little over @ period of years, ‘the inference being that the 
comparatively compact formation acts as a a tegulator of an otherwise erratic 
- recharge,” and there is no transthission of pressure, ‘it is strange that ‘Wells 


ul- 
total 
itieth 


- tively, w when the maximum rises for Wells Nos. 129 and L8N were only 0.26 ft. j 
and’0.29 ft., respectively. If these fluctuations were due to penetration of rain- 


> 


fall, ‘then it must be assumed ‘that two of ‘the wells showed four times’ the 


Determination of ‘Rainfall ‘Penetration from Test Wells in Pauba Valley 
on ‘Temecula River, ‘Riverside County, California. —The line of “test: wells 
used by the author in his determinations in the Pat uba Valley | extend from the 


‘mouth of an arroyo draining a part of the North inet the Temecula River, 


Proceedings, . Am, Soc. C. E., May, 1 929, Papers and Discussions, 


‘fluctuations: ‘from distant sources, a: as both wells are near the obstruction 


Nos. 181 and 14 should show a maximum rise of 1.21 ff. and 1.10 ft., respec- : 


pers, December, 1929.) ROWE ON WATER SUPPLY FROM RAINFALL 
] 
in 
arral 
ns, of 
owth 
tent. tm 
arral 
| 
1 the 
+ re § 
con- 
The 
thout 
the 
Cali- 
the 
— 
nerly 
this 
— 
uable 
— 
{ 
n the 
n the 
there — 
Mesa, — 
, and 
2 ft., 
rease 
thatt 
i 
mpact 


shown Fig. 4 4, ‘The author states* of F ebruary,, 1927, 
produced : a rainfall of 14.65 in. in the Pauba Valley and, in Table 6, the same 
: storm produced : a rainfall of 9.14 in. at. the | test plot on. the North Mesa, A 
- rain of this intensity would certainly produce: some run-off down the arroyo 


bees the line ot the test. wells and add to the water * supply. » The au author states 


hatt “ ‘in some instances the measurements indicated a rise due to run- -off from 
adjoining mesa land. On the other hand there was a compensating run-off 
away fi from bottom-lands.” The writer can not comprehend how run-off from 


he bottcm- lands would compensate for water which would be absorbed in the 
valley from the run-off from the mesa lands. The Temecula. River was 


__ undoubtedly i in flood during the heavy rainfall period in February, 1927, and 
passing as it does, through pervious valley fill of the Pauba Valley, 


would also condribete, to the rise in the wells, lls. The writer believes t that’ the data 


-- Presented by the author are’ far from conclusive as to the amount of con- 


tribution to the > underground-water, supply by deep penetration of rainfall, 


UL 


This paper contains material some of which has been used in litigation 


$ From this and other sources the writer is to 


N is s located about 13 miles ‘too far south; the is in a group 


x of of rough, broken hills. The borings i in ‘the North Mesa Test Plot were made 
duplicate and the averaged. ‘Those portions of the ‘samples. not 


removed for t office determinations were run back into the holes and ‘tamped. 


hE 


The : soil encountered i in boring the holes ranged from ; a firm, semi- ‘impervious 


to hardpan. The existence of the hardpan from 4 to 5 ft. below the 
shows the extreme depth: to which rainfall has ever penetrated i in this 


The tamping of, the hardpan cuttings in ‘refilling the test holes, a 
> 2-min. operation, ¥ would i a duct through which the ponded water in the 
test plot could percolate freely i in comparison with the percolation through 
the undisturbed hardpan. ‘The ponded area would prevent run-off escape. 
ae = rom 1 Table 5 it appears that there were eight of these locally. filled holes 
ip? prior to the final determination ¢ on March Bs » which would explain the presence 
of any excess moisture b below 5 ft. under the test plot. tise “om 
There is no general water- -table underlying the mesas. ~The -uneontra 
4 dicted testimony in the case showed | that suspended water- “planes: are found 
‘throughout the not by infiltration of rainfall on ‘the surface, but by 
infiltration from, water concentrating in gullies which | cut the plain tot contact 


with somewhat pervious lenses - formed at intervals in the mesa silt, mn 


The four wells. submitted in Table do not show true conditions, Near 
st No. 129 is another one called Well No. 183, in which the water is usually — 
from 65 to 75. ft. higher. than in Ww ell No. 129; neat Well No. L8N is another — 


Am. Soc. C. E., May, 1 1929, Papers: and Discussions, p. 1163. 
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Rancho Santa Margarita ve. Vail, et at., Superior Court of San Diego (Calif. 


See the Elsinore Quadrangle of the U. S. Geological Survey. i 
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a selected by the author and which shows a reverse slope from the river bed; 
Well No. 181 is another one known as the “old Shrode Well’ which 
has a water-plane from 40 to 50 ft. higher than Well No. 131, , although down 
the valley | where it should be lower, if in the same water- table; and near 
Well No. 14 are e several wells” and springs” ‘on the August Cantarini Ranch a 
i which differ from it in water-plane elevation. — All these facts, shown by — 
sworn and uncontradicted testimony in Court, prove conclusively that there 
is no water- table under the North Mesa region and no penetration of rainfall — 
to a water- -table, but that suspended water- planes are found locally in som 
semi- porous lenses i in the mesa silt where such lenses are cut into and fed by 


Well No. L8N shows a drop by March 16, which i is positive evidence that 


the slightest rise of February 23 was caused by rain water running down 
outside the 2-in. this well. The wel had been ‘drilled 


the inside of the 5- -in drill having filled with: ‘Sanka soil. Of 
course, a little | water would | penetrate this loose fill from the heavy rains just a 


before February 23, which would disappear before March 16. Well No. 181 figs 
had a depression in the ground around the casing which was 0.8 ft. above 


the bottom of this depression. — There was m ‘much drainage from run- off into 
this depression. This caused the water to run into the well over the top of the : 


, whenever it became more than 0.8 ft. deep around | the well, which did 


occur during the February, 1927, heavy rainfall. -Fy Further than this, the driller 
had out his tool and had cut number of slits in the 


the fact that there is a drainage area of more 100 sq. miles of low 


sranite mountains, foot-hills, and plains within ‘drainages of Santa Ger 


sais dam ‘formed by ‘the Elsinore Active Fault In each of these di 


ages are sand and gravel fans deposited as modern alluvium within ¢ 


the Pleistocene “mesa silt” extending back from the fault line. The 

- floods from this large back- -country drainage flow over these P rous fans and 
absorbed part, after. which they “percolate ‘toward the Elsinore Active 
- Fault » which forces at least a part of the water up to the surface as springs. 
he situation ix in Pauba Valley is a familiar one to those acquainted with 


4 artesian basins « of the interior California valleys. There is a deeply eroded é 


- trough in the mesa silt, which is refilled toa depth a more than 500 ft. with 
modern alluvium. between | the North Mesa” and th the “South Mesa” 


block and fats its upper end debouches the draining a high, 


mountainous area of 326 sq. . miles. stream first eroded the ‘mesa silt 
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rans then refilled the space with porous 1 recent alluvium. at left a coarse fan, 


farther down ‘the: Pauba ‘Valley. 


aren; through the saturated inclined valley he 


4 
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which, after floods i in the Temecul 
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: determining the extent of a sewage field in sea water ;§ they. were evidently — 
misinformed as to the design features of the outfall itself. ‘The data 
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This pai ‘ts not responsible for any statement made. or opinion expressed 


NIN G THE EXTENT OF A A 


an 


Harnasox P. M. ‘aes Soo. CVE. (by letter). It seems rather unfor- 


that ‘the authors ‘chose the conditions surrounding» the Deer Islanc 


Sewer Outlet i in Boston Harbor to assist in corroborating their ‘theory on pre- 


they have applied their theory are i in error, in two “respects: The d epth o 


outlet, which they call 30 ft., and the size of outlet, which’ they, call 18 by 30 i in. 


vac « t Pace es 


- The sewage is discharged from fourteen outlet « openings increasing in size v 
toward the outer end. The diameters of these openings, which are approxi-. 
mately ‘elliptical (with the exception of ‘the outermost, which i is a 48-1 -in. . circle), 


vary from 25 by 44 ji in. to 13 by 23 in., ‘respectively. The mean area of the 
fourteen openings i is, therefore, 640. sq. in., instead of 540 sq. in. n., a8 assumed 


_ From ‘Plans of the’ Metropolitan Water and Sewerage Board it it is ‘deta that 
outlets are at a depth of 50. ft. be low mean | 


depth of 38 ft. 


mean low 1 we 


Had the used the he and 


statements$ in regard to the application of the formulas to Deer ‘lend 


- Outfall ‘would probably have read as follows: The length of path should Sb 


Cons, Engr. (Metcalf & Eddy), Boston, Mass. to 
_t Received by the Secretary, October 
2 ak § Procéedings, “Am. Soc. C. E., May, 1929, Papers and Discussions, p. 1187. 
“The Metropolitan Sewerage Works,” ” Journal 
x Bagrs., October 8, 1923, p. 325. rer 
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, depth of the fourteen outlets is 43 ft. 
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42, theoretically. _ For x = 300, 8 


(as = 195, and the field area, 2.7 acres, or 0. 025 acres : per & sec- ft. If the ‘observed _ : 


value (S, = 21) of the initial dilution is used, the field ay at J = | 212 - 


found to be a at « = 783 ft. and the area, 44 ac ene i er ieibee 
reed fer r radical from ‘those were by thos authors 


observed initial dilution, and ‘the equations, therefore, are. decidedly ‘not 


he safe side in this instance. However, it may y well be that the authors’ 
Equations (1) to (35) not. applicable to such a complicated outfall, in 


which the outlet openings are of various s sizes and are at 


repre PIs 


oon some tests at t the Nut Island Sewer Outlet i in Boston oat This outf mn 
ae ists of two 60- -in. pipes discharging vertically, but at _ time of the tests 


In order to determine the degree of dilution that Sides ies and { the c con 
"dition of the sea water before the sewage reaches the surface, several 


of water were taken immediately 0 over the > outlet i in use on October 14, 1915. 


palin were ‘collected at the same time in the. line in which sewage was 


- flowing from the outlet and at various distances therefrom, as well as samples — 
of harbor water from points: outside the path of sewage from, the outlet. The 


te ts were made * when the rate of discharge v was approximately 1 380 000 gal. 
‘per hour, and when the depth of water over the outlet was about 30 ft. ei aieten 
4 _ Observed « dilutions have been derived from the free ammonia content o 


samples collected ‘various points. For example, the initial dilution (S, is 
from the free ammonia content of the ‘sewage (17.600 parts per 


million), the s surface of the harbor above the outlet, (1. 7 53° parts per million), 


“he 


and tl the harbor water - outside the path of sewage from the outlet (0. 120 parts 
million). From these: figures, & = = 11. In similar way, the dilution 
near the outer limit of the ‘sewage field, at point 1 400 ft. from the 


Bs where the free ammonia content of the water was 0.330 parts a million, has i 


500 ft, because ‘the limit of the sewage field, by. 
? and analysis, seemed to be approximately 1 400 1 ft. t. from the outlet. Within 


WOT 


os sewage field, floats of course would be influenced by the dispersion of the 


to 


sewage over the harbor surface. silage. 9 di ot ai 


tin. ‘Table. 9 gives a comparison of the results. obtained b computation, using 


Equations (1) to (85), with those obtained by chemical analysis and “observa- + 


well ‘instance ‘the 
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- Time of travel (t), in hours, from head of rising column to edge of asia. 
Distance (e, that sewage will travel with current, in feet. 


faites comparison between results obtained by observation and by the use a 


the authors’ formulas i is afforded by tests made byt the State ‘Department of 

‘Health at the sewer ‘outlet of New Bedford, Mass. on on August and 

Ue tember 24, 1915. * The New Bedford Outfall,+ which has a diameter of 60 in, 
- discharges vertically through a single outlet at a depth of | 80 ft. below low- 


mark. The quantity of sewage flowing through the outlet at the 
of the tests is not definitely known, but a flow of 100 gal. per capita per aay 
has been assumed for the total population of the city in 1915 (109 568). % The | 


observed initial dilution has again been derived from free ammonia content, 


water outside area affected by sewage: 
August 9, 1915 


eee eee eee eee eee 


When the Bedford Outfall, Equations 
F (1) to (35) yield a value of 8, = 9, while the values of S, derived from free oc 
3 ammonia content are 15 for August 9 and 111 for September 24. Here, again, — 


z the result obtained by the formulas. is well on 1 the side of safety. In fact, 
if the conditions found at the New Bedford Outlet on | September 24 are at all 


ag usual, the authors’ formulas would have been practically useless. — On th 


4 other hand, it will be observed from the two tests cited that there is : a wide } 
- variation in the value of the initial dilution above the New Bedford Outlet at 
different times, and “many similar t¢ tests would have to be made before = 
~ eonclusions could b be reached as to a fair en value e of the observed initial : 

From the foregoing it is evident that caution 1 must be onndeait:t in using 

formulas for predetermining the extent of a sewage field in sea wate rr, although 


they may well be used as guides to judgment. _ 
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AMERICAN SOCIETY OF CIVIL ENGINEERS 

| | This Society is not t responsible for any statement made or opinion “expressed 


R. -Foy,t Esq. (by letter). .$—The author gives a clear and interesting 


exposition of “colonization” as carried out by Government agency in British 


“India. The problem of installing settlers on new lands in that country 
bs shown to be a State function. The chief interest of this paper, therefore, lies 


‘ ‘in comparing methods used i in India with those i in the United States. § asi 
we & ah In India, the control of all water rights i is. vested in the Supreme Gove 
| 4 ment. Due regard, however, is being paid to ‘the rights of the Native ‘States: 
yer 4 which are governed by Indian Princes. If there i is any clash of interests. the ; 
q ‘matter is adjusted by arbitration. The projects fcr supplying irrigation water, 
ret ns either to old proprietary lands, or to new areas that are being colonized, are et 
financed by the Government. An adequate i income is obtained by. means of 
nal | water rates levied on each crop- -acre irrigated, and by the sale 01 new lands to 
i settlers. These projects are generally remunerative, | but there are a few areas 
isnen 9 in which canals are ‘ ‘non-productive” and in such places irrigation projects 
silt ‘are undertaken as protective ‘measures to . guard against periodic famines. In 


years of good rainfall, irrigation water is not needed, but there are years in 


which failure of the seasonal monsoon rains “causes failure of all | husbandry 


operations, thereby inducing heavy demands for canal water and thus i increasing» 
the i income of these otherwise unfavorable projects. lt must be realized, how- 


ever, that no colonization ‘Programs | are undertaken i in areas where ye sore 


with natural rainfall is possible. Protective works only for 


occupied or proprietary villages subject to periodic famines. 


This discussion (of the paper by E. “8. Lindley, Mz Am. Soc. C. E., aeaiaiaia at. eo 
_ meeting of the Irrigation Division, San Diego, Calif., October 4, 1928, and published in = ae 
August, 1929, Proceedings), is printed in Proceedings in 01 order that tat the views expressed may ae 

brought before all members for further ¢ discussion. ait ‘| ‘ 

Received by the Secretary, September 28, 1929. 
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In America, it appears* that at first: thie was no settled policy and the 


eatin irrigation projects were the result of private enterprise. - Some of these 
ae ; re for the mutual benefit of the local landholders and settlers, and others were 
speculative ventures. cases speculators disappeared as soon. as 


‘money to ce carry as her could . however, the Federal Government 


seems to be assuming | complete control ; but even 0 on n State irrigation ‘projects 
the procedure oes not appear uniform, varying prevail. Some 


ettlers are required to ‘pay full: charges and. costs, while others have special 


plete « control by the State, is a a a forward no doubt a a uniform 
policy will be developed in due time. 1 TANMYAAVO! 


When the writer was » in 1897, first posted to, the I Lower Chenab Canal 
Colony in the Punjab, “colonization” methods were just emerging from the 
: =. stage. Water was then plentiful, while land was available on 
urdly liberal | terms; but the difficulty, lay in 1 inducing settlers to | break 


ground under adverse conditions in new ‘surroundings, even when it held 
promises of wealth as an alternative to starvation in their old homes. iz After 


Se of the settlers. “‘Bines’ that time two other projects involving several 
a millions" of acres have also been completed and ar are now fully ‘matured. 
There is now (1929) a fourth irrigation project being brought to completion, 


and t there is a wild scramble for land at any ‘cost. In the Sutlej Valley Project, 
9000 000 acres of new and old lands are being developed to expand irrigation 
in British India and i in the two Indian States of Bahawalpore and Bikaneer. 


‘Water was turned into one of the series of these canals on this project in 1926. 


‘Ultimately, this: part of the project alone e will develop 1000 000 acres of new 
_ land in British India, and more than that in the State of Bahawalpore. © It 


i will also insure an adequate supply to a large area of old village lands i in both 
- territories. The settlers of to-day find it hard t to understand the hesitancy of 


their predecessors thirty- five years ago in accepting the first farm lands offered 


= ge? Lindley r re ferst to the po litical side of the yittnion “concerning high 


. versus low rates. _ Fortunately, irrigation is not what is known as a a “trans- 
ferred” subject under | India’s “reform” administration. The ultimate decision 
on matters of policy rests with the Government and not with the Legislative 


the danger of interference by political parties is not yet 


ii bre winw vot yaad goty bys 


_ Apparently, political influence i is a factor in onienaetioe. 2 An eminent mem- 


the course of conversation with the Governor the the 
visitor oa “Keep irrigation. out of politics ‘Do not give the farmers a vote.” 
Coming as ‘this did from a prominent citizen of democratic _America, t the 


- Governor: was , rather surprised. The visitor then went on to explain that some 


rather good and financially ‘sound irrigation projects in America had ‘been 


ae Proceedings, Am. Soc. C. E., May, 1929, Papers and Discussions, pp. 1193 and 1207. 
t Loc. cit., , August, 1929, Papers and Discussions, 1563. 308 
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the of if ‘This | condition | 
is verified by Mr. Lippincott, * although he further explains that the | ite is 
beginning to ‘adopt a more rigid attitude toward those v who fail to. pay. Aaw 
. An important detail not mentioned by Mr. Lindley is the absolute necessity 


of providing an ample | communication system on on irrigation projects before the __ 


‘arrival a the first settler. Of primary importance is the construction of “a 
railroad. _ Next, all the main arterial | roads and highways; a and, third, the 


“feeder” roads ee connect the main highways, the railway stations, and the 
near-by markets. These obvious conveniences were neglected forty years ago — 


when the Lower Chenab Colony was first being developed, and no doubt that — ae 


factor contributed greatly to the lack 0 of enthusiasm for 1 the new lands. In the : 
latest of the. developments (the Sutlej Valley Project) ‘an existing was 


re-aligned so as to pass. through the middle of the new colony, while a complete 


and ‘carefully designed system of roads and main highways i is being provided, and 
‘special marketing towns have been located at suitable points along the rail- 
road. In these towns the competition to secure building ‘sites is particularly — 


active and splendid prices are being realized. ‘The extra cost of these con- 
-yeniences i is being recouped by the higher prices that the settlers willingly sai 


ter the service, because they are no longer harassed by the difficulties of produc 


transportation, and isolation from their old homes 


, - The writer is fully in accord with the lessons with which Mr. Lindleyt+ con- 


ers a and p. 1193. 
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is not responsible for any statement maton or opinion 


Wnaiam T. Lyzz,t M. Am. Soo. E. (by letter).t—The selection of “The 
Queen of the Plains” as the first of American capital cities to sceive the 


attention of the Society i is an appropriate one. . Denver stands 1 unique in many 
‘respects and should embody i in external | characteristics the Civic: consciousnes a 


The e engineer i in to drift mate- 
‘Tialism.— In the design of capital cities, even more than in others, the planner ee ‘ 
‘must st avoid an emphasis which might be characterized as materialistic. Of 
city must be a a comfortable and place i in which to live, with 


has several of these ideals and! is bringing 
them out in 1 the new city plan. The capital of Colorado is fortunately situ- 


ated, as those who have seen the Rockies from the Capitol Building and have pal- 
viewed from Inspiration Point, glorious" mountain panorama extending 

Long’s Peak in the north to Pike’s Peak in the ‘distant south, can 

In addition to parks, boulevards, and a civic center within the city 
limits, advantage has been taken of splendid opportunities for the acquisition — 

and development of ‘mountain parks. In her civic center the majesty of the 
law ‘and the universal dispensation of justice are held up to view. ey Sogntireded pe 
There a are other ideas and ideals that at should be emphasized, : some or all of 

which may be i in the mind of the planners. _ Denver eventually will become an 

historic center and should perpetuate in visible expression the early life of 

_ * Discussion — of the paper by S. R. DeBoer, Esq., continued from Novembe , 1929 


. t Prof. of Civ. Eng., Washington and Lee Univ Lexingten, Va 
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mining cente 


The writer would suggest an emphasis on 


morality without which civilization cannot survive. Vit would seem proper, 
especially in a city which has featured moral reform among the young, to 
bring out the idea of civic righteousness. _ Instead of zoning eleemosynary 
institutions - practically « off the map, they should be e featured properly in the 
city plan. In medieval ‘dines; before the separation of Church and State, the 
was featured prominently and was often the center of attractive 

‘street picture” To- day, the location of the city’s ‘churches should receive 
: due consideration by the city planner : in order ' to emphasize th the religious idea 
in the life of the American people. AC n 
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AMERICAN SOCIETY OF CIVIL ENGINEERS 


PAPERS AND DISCUSSIONS = 


ag Manegs. R.. D. JOHNSON AND Guzn E. Epomrox, 
ounson,t Esa. | (by letter). +—This | paper ‘is very forceful, logical, 
and instructive to those who are interested in hydraulic power and this, to- -day, oe 

a. 8 Mr. Gibson has touched upon the direct benefit accruing to a large popula- ~~ 
tion and the indirect benefit to the whole country through the distribution of 3 
| Niagara power, which is sold much cheaper than the average, in other terri- _ 
- tories less favorably situated. He has effectively disposed of a misconception 
a that power development at Niagara Falls has affected the level of Lake ‘Erie. 
He ‘makes clear the | difficulty, if not the futility, of attempting tor 
the lake level either to diminish its fluctuations or to improve the flo 
Niagara River, but he does point out the great , desirability of | pai the 
- discharge over the Horseshoe Falls. and increasing the flow over the American 

Falls, both as an assurance of the preservation of scenic values and as a 
ans of releasing additional water for power ‘purposes. A very 


- point in his ‘recommendation i is the fact that this work 3 may progress gradually, 


8 


testing each phase of the situation by measurements and observation, so that 
there i is not the slightest danger of having to depend solely upon -determined 


"engineering computations for the ultimate result. aie 


Gibson’s: values" of revenue received from the sale of Niagara power 
_ brings to mind immediately a popular misconception as to the intrinsic value 


of undeveloped water power in the minds of many, although it is believed their 


decreasing. notion seems” to b have grown up that water power 
- costs very ; little because Nature 80 easily furnishes the water as compared, for 
example, to the arduous mining and shipping of coal. Iti is this 3 naive idea, 


that has” been largely responsible for a great deal of ‘Socialistic 


cpemnemenda that the natural water power belongs to the » penile and that private 


ive t Received by the Secretary, October 8, 1929. 
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[IAGARA ‘POWER 


heavily taxed by the for ‘the 


of and distributing such power. 
3 


: (1). The. topography favors development (2) flow is 


ae (3) t the very best of engineering g talent i is brought into play ; and (4) the late : 


tion is not too far from the power market. - of soning 
ae Bk. Niagara power has the benefit, to a marked degree, of these four requisites, 


but it should not be forgotten that its ‘great success to-day is due to the high st 


quality of engineering skill. bats nod: ah Idtenoqnet zou’ ar cation 


ea "While it ‘is true that, when a fa a favorable water- “power site e has been ‘skillfully — 
developed i in a the vicinity of a ‘Proper Snap it may deliver cheap power, yet 7 


in and volumes. of water, that the 
ee perpetual interest charge will run the cost above that of other kinds of ‘power 
eS It i is clear to » those. well versed | in this 5 subject 1 that private ‘enterprise is just 
‘proper and effective for the public good in water-po -power development 
he mn any other branch of public utilities. Even what might | be regarded as simple 


ruined * pone an economic standpoint if not undertaken n by those 1 who have spent 
their lives at this business and in that locality. __ to ontal 


To sum up, then, it should be understood that the great economic benefit 


to the whole population | of the further development of the remaining available — 


water- -power resources is only possible to the fullest extent: when carried 


with the strictest competitive economy such as is | well known to result from 
_ private enterprise. That the benefit of such economy is necessarily passed. on, 


ale 


either directly or indirectly, to all. the people i is an important ‘point: of Mr 


RroN,* M. At. Soo. C. E. (by letter).}—The author has 
“pointed but clearly the prominent place that: the ‘Niagara’ Falls power plants 
have taken i in the development of the art of f hydro- -electric power generation. PY 4 


‘The utilization of this natural resource is not yet complete, and its problems 


> continue to occupy a conspicuous position in the future as they have in the 
+ “Past. Great credit i is due the individuals who have contributed to the solution - 
& of these problems. yn Althoug ‘such credit may not have been fully accorded 3 
is significant: that many of ‘the most prominent. engineers with wh hom the — 
writer has come in ‘contact, connection ‘with water power develo ment 
ag - throughout the ‘United States, have been associated at some time in their 
Me _ ‘The pre-eminence of Niagara I Falls power in the water- “power industry is 
paralleled by its prominence in the affairs of the Federal Power Commission. 
ua, ‘The first license issued under the Federal Water Power Act of J une 10, hol 
covered the existing plants on the American’ side. The application for a license 
iH was submitted originally on J uly 1 1, 1920, before the “Commission was fully 
Major, ‘Corps of Engrs., ‘U. A.; Asst. Prof. of Civ. and Military, Eng.,. 8. Military 


‘Academy, West Point, N. Y.; formerly Chf. Engr., Federal Power Comm., ‘Washington, D. ©. 
Received by the Secretary, October 25, 
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organized the transsition: of ine other applications for power 
development involving the Niagara River were submitted to the Commission, 


which gave them final consideration at a meeting of February 28, 1921, and 
- authorized a license to be issued to The Niagara Falls Power Company for the 


then: existing plants and the enlargment of the Schoellkopf— Station to its 
a" ‘The deliberations of the Commission in these cases involved some important ene 
& features of the new water policy. Among them was the practical application ¢ of — ep ee, 


Section 10 (a), of the Federal. Water Power Act, which reads as follows: a its s 


“See. 10. That all 1 


a (qa) That the project adopted, including the n maps, plans, and specifica- 

tions, shall be such as in the judgment of the commission will be best adapted — 
toa ‘comprehensive scheme of improvement and utilization for the purposes 
1 of navigation, of water-power development, and of other beneficial public uses; 
and if necessary in order to secure such scheme the commission shall have 
authority to require the modification of any project: ‘and of the plans and 
"specifications of the project: works before approval.’ 


Before authorizing any project, itis incumbent on the Commission to deter- 


mine whe ther it is: “best adapted to a scheme improvement 


firs 
a development for the River to the extent of 


sible’ diversions of water, because it’ left undeveloped the ‘fall in the Low 


= 


des The probable : feasibility of over-all diversion was indicated ‘not only by fa 


© “the alternative proposals | of The Niagara Falls’ Power Company, but by two 
other applicants | for authority to develop the total fall. The Commission, 
at its disposal 20 000 cu. ft. sec. bet water which it could authorize 


throueh about 310 ft and ‘a development wine ‘part of water aroun 


B 


wed 
Investigation showed that the cost of development he alone 

“gave the cheapest power. Capital costs per horse power of over- -all develop- 

- ment in a single stage would exceed those of a Falls development by about 


40 per cent. -Similar costs of the ‘second stage, in a ‘two- “stage 


=} 


@ 


tion of the Falls develope much the cheapest power imme- 
‘diately, but it would commit the Commission to an eventual scheme of devel- 
opment much more expensive than the best development, unless the latte 

should be postponed until the power plants at the Falls could be scrapped. 


appeared that the partial, capable of meet- 
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works at the Falls so as to ‘permit a second step in which might 
embrace the entire 310 ft.; that such a step would serve the urgent needs of 
the power market for an extended period; and ¢ that even in ‘the ultimate 
it will probably be possible to ‘greater ‘diversion | around 


similar factors governed ‘the of the Commission can 


but the conclusion was reached that ‘Falls 


vested in certain power along Eighteen- Mile Creek. below 
Lockport, N. Y., by reason of long use. Of this water, 225 cu. ft. per sec., 
_ which was subsequently determined to be in excess of the quantity required to 
satisfy those rights, was allotted to The Niagara Falls Power ‘Company on on 
December 13, 1926; and since rights themselves have now been acquired in — 


the interest of that Company, it is expected that the entire quantity authorized — 


the Boundary Waters Treaty will shortly be available for the 

ae This case us strates the necessity ‘for broad and reasonable interpretation | 

a one section (and. the same 1 necessity £ applies to other sections) of the Federal — 

_ Water Power Act. Little criticism of the principal conclusion is possible, but 

might have been held that complete physical _development in the most 
a _ economical way should be required immediately. f The results of such a finding q 
oa bil would have violated the economics of the situation as it existed in 1921. ai The 
Be reservation of a quantity of water for ‘relatively wasteful use at Lockport and — 
5 along Eighteen- Mile Oreek « can n not be so 80 o easily established in 1 accordance with 
A limitation of the maximum rate of diversion to 120% of the a average 
rate was fixed by: the Commission in its license for the American plants. The 
vi pertinent words of the treaty are, “not exceeding in the aggregate a daily 
diversion at at the rate of twenty thousand cx cubic feet of water per second. Lb”; if 
7 = was intended to fix the 1 maximum rate at 20 000 ¢ eu. ft. p per sec., there seems 
tf be ‘no significance to the word, “ daily.” If it was desired to fix. only the 
- quantity to be diverted in each day, it might readily have been stated definitely | 
ne in acre- -feet or or other | convenient units. There is 1 room for disagreement as 
to the exact force of the phrase, but the , Commission, concluding that a ve ell 7 
Be rate than 1 20 000 cu. 1. ft. per sec. was permissible, also | believed tha that the public — 
interest required a limit which would not p permit diversion at very high 
rate for a few hours cach t specific limitation i is known to govern 
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ss EDGERTON ON NIAGAR 
a peak somewhat higher ‘than: 20% above the average rate of diversion. 
Federal Power Commission undertakes to preserve natural scenic 
andeur and beauty wherever they are of importance in connection with any 


"prospective license. This responsibility is considered to to be a part of 
a obligation, laid down in the section of the Federal Water Power Act pre- 
_ viously quoted, to insure provision for other beneficial public uses in addition — ie? 
power development and navigation. Such questions have been prominent 
in many water-power projects beside those at Niagara Falls. Developments — a 
on Lake Chelan, in Washington ; Wolf River, in Wisconsin ; Cumberland Re 
River, at Cumberland Falls, in Kentucky; River, at | Royal Gorge, 
in Colorado; and the Potomac River, at Great Falls, in Maryland one 
 ginia, are conspicuous cases in which strenuous objections to the issuance of 
a license have been made 1 by organizations and individuals, concerned lest the 
Commission might fail or to perform effectively its duty in such 
In the ‘Niagara case at was that further studies, in 
_ addition to those which had resulted in the treaty provisions, were necessary 


establish th the desirability of, permitting the diversions approved therein, 


be constructed and maintained as with | the scenic 
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AMERICAN SOCIETY OF CIVIL ‘ENGINEERS: 


‘WATER "AND SEWAGE. ‘WORKS 
REPORT OF BPECISG COMMULTES 
"PROGRESS REPORT OF THE COMMITTEE THE 


By J. E. Lamar — 


. (by letter). ¢—This report the disintegration 
filter stone two standpoints: (1) Mechanical weathering ; and (2) 


- chemical weathering, although these t ‘two divisions are not expressly stated. 
ie ‘Under the first class is the action of freezing and thawing ‘and the effects of — 


‘temperature changes. blowing 1 up. of chert, which i is ‘mentioned in several 
: places i in the report, takes place also in . the case of chert used as ageret gate for 


i the construction of concrete roads. The 1 pieces that are near the surface of the ae 
_ road blow up or * “pop”. These pieces are commonly porous, , chalky chert, and 53 

this: ‘condition has apparently been developed by chemical weathering. 

actual “popping” of the chert, be attributed to 


Chemical weathering, that i is principally solution, works hand i in in hand with 
mechanical weathering, the one ac 


‘ parts of filter materials when in service is without doubt a real phenomenon ee 


a ending toward the destruction of these materials. “s The Committee 1 mentions§ 
the presence of dissolved carbon dioxide in sewage. . This gas is a very 

important agent i in causing the solution of limestone and dolomite. his 
is the « case, it seems worth while to obtain, ‘if on 


analysis, indicating the amount 


: Division on Filtering Materials for Water and Sewage Works, continued from September, 1929 


-o + Geologist, Non- Fuel Products Section, ‘State Geological Survey, ‘Urbana, Ill. nee 
4 § Procgesings, Am. Soc. C. E., , September, 1929, Papers and Discussions, D. 
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MAR ON FILTERING MATERIALS 


= te of solution with regard ot the life of f filter stone r mee be gauged n more oo. 
Another line of investigation which might yield some mportant data 
would be a study of the relative frequency of freezing and _ thawing at the 

different plants described. Undoubtedly, the weather as affected by latitude 

and local conditions, ‘and also the method by 7 which the filter is operated during 
the winter months, will bear on of mechanical weathering. gry 
‘maximum 


minimum temperatures | is is less. important than the number of 
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PAPERS AN D DISCUSSIONS | 


is Socie responsible for any statement made or ‘opinion expressed 


CHARGES AND. METHOD OF MAKING (CHARGES 
FOR PROFESSION AL SERVICES | 


REPORT OF SPECIAL COMMITTEE 


By Ormonp A. Sronz, Soc. C. E 


eport t of ‘the 


‘Society as asa toward establishing the engineer in ‘the ‘minds 


general public as a member of a worthy 
esi El Committee is particularly to be com 
thoroughness with which it handled an complex and difficult 


: problem. Primarily, the charge made for all commodities, labor, or service ; 


a of the cost: of production. | The merchant, ‘manufacturer, or 


ed to early failure in age of keen the 

- variety of the work involved ¢ and the larger number of assistants and employees ‘ 

required, engineering» presents: a more difficult problem from the standpoint | 

of ‘cost accounting than, perhaps, any of the other ‘professions. ‘ 
| ie training of the young engineer is devoted, almost wholly to the prac- 


| _ tice of his profession with very little opportunity offered to > guide | him in 


or r improvements which he i is ‘employed to plan, but ‘rather to the. cost of pro 


ducing the plans to which the structure or improvement is to be built. 


.. *"This discussion (of the Report of the Special Committee on Charges and Method o 
Making Charges for Professional Services, published in September, 1929, Proceedings) is 
printed in Proceedings in order that the views expressed may be brought before all member 


iv. ‘Engr. (Olmsted & Gillelen), Los Angeles, 


4 A i 
Bes 
Ormonp A. Stone,t M. Am. Soc. C. E. (by letter).t—An authentic back- #§ 
ground for engineering charges, particularly when dealing 
a ms of the greatest value to the engineer in private practice. The ae me 
a — 
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step taken | by Leduc: he 
public to fees. for engineering ‘service commensurate careful research and 
ly executed plans will unquestionably re-act favorably, both toward the 


Desmagarey the public, by eliminating ; the carelessly drawn and incomplete 


fc an, which necessitates expensive changes during construction, and by allow- 


_ ing more accurate and competent bidding by contractors on public work. “d iad 4 


The question of bookkeeping | to the average engineer in private practice 


is more or less abhorrent. Usually such books as are. kept concern 1 themselves 
with disbursements and accounts of clients. ‘Until such time as the 
professional engineer can be made to realize the actual cost to him of produe- ; 


ing | the work for which he has contracted his services, it will be extremely | 
- difficult to make many members of the profession realize that percentage Sine 

not safely be. cut below those established by other members, — 


systems dictate the remuneration which | should ‘received for. 


“J 


‘cost of producing engineering work cannot be a 


and adequate 1 method of cost accounting is adopted. It ‘reasonably follows, 


_ therefore, that charges for service and cost. accounting are ‘intimately allied. 7 


_ The development of a cost- -accounting system which is practical in its appli- 


‘cation and, at the same time, is in control with the general ledger accounts © 
is an interesting problem and one which should appeal to the fancy of the 


man whose training has stressed the importance of logical analysis. TAG 

It is believed that in general the feeling exists among engineers ‘that 
a keeping belongs i in the realm of of the accountant, and that accounting problems — 


should properly be turned over to a member of this ‘profession. ‘Serious thought 


on the subject soon makes clear the fact that the accountant must be guided 
n making his set-up by the character of - information desired and that only 
ie the man thoroughly : familiar with the intricacies of the business is in a position 
be 

and may be snent the source of accurate data within | remarkably close limits, 
a few “high lights” on m a method which has been in successful ‘operation in 
hla ‘engineering offices in Los Angeles, ee ee years, are pre- 


Consider, first, the question of salary costs. one with the 
RS - organization and the production of any part of the firm’s business must, if — 


proper cost records are desired, be put on a definite salary or wage scale. 


| 


the case of a partner or executive having ar an interest i in the profits, a reason- 


able’ salary commensurate with the remuneration of men of similar ability no 
_ the employ of corporations, or of some branch of civil service, should be estab- 
’ lished. This salary may be térmed a drawing account, or what you will, but 
‘it must be set up for the purpose of cost accounting. gi doidw * 
The time spent by any member of the o organization in producing tian is, 
of course, charged to the different jobs as a direct salary cost and a a per 
diem rate. The per diem cost to be charged must be made the subject some 
thought ‘and any assumption that a man will average twenty- -five working ds 


month will soon be found to be entirely erroneous. 
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monthly salary, the is quite ‘so sim aple. 
th the average ‘office assistant works not more than’ twenty productive 


2 month as a long-time average. ‘His ‘salary cost, is then found by 
3 his salary by ‘twenty, which gives the cost. per day to be: charged to the i 


A junior 1 ‘member of the firm may spend only a part of his time ion ‘pro 


work, the remainder being required to investigate 


tei in 


‘cost and should be accounted for as allt may be carried as an indi- 


rect | salary cost, or promotion | salary cost, and, being a part of the overhead, 
must ‘not be confused with direct salary costs. 
af, Any monthly: variation shown on the time | sheets between | the salary charg 
S cost and the salary earned or paid is either charged or credited to a reserve 
account for salary fluctuations, which at the end of the year may be closed out 
into general overhead or « carried over from year to year. | Vacation salaries ¢ are 
harged to this Teserve ac account ; likewise, salaries or wages paid during illnes: 
es 4 Salary costs alone ar ‘are only a part of the expense involved in producing 


_ engineering work. _ Overhead expenses are a a reality admitted by all, but they 


» W 


5? are under-estimated or overlooked by many. rH _The theory that a “margin of 


profit sufficient to. cover overhead may be ie a the salary cost. is more 


well- adjusted system of cost accounting. if overhead costs are analyzed it is. 


| early discovered that they naturally fall into two distinct groups. qk 
‘The first group covers the general fixed charges pertaining to the ore 
and includes ‘such items” as office rent, , depreciation on equipment, clerical eee 


assistance, telephone and telegraph, ‘taxes, advertising, office supplies, “postage, 
- ete., and will be found to be more or less stable from year to year r. If si 
- items for. an office totaled $6 000 during 1929, it is fairly safe to assume that 

they will not be much n more, or little less, for of iy 


‘The second group i includes intangibles, and may fluctuate widely f hiene year 
; to year, dependent on the character of the business. oT ime devoted t to the pro 

motion of new duties, society. affairs, or 


In 


ason- 


business. Time spent te assistants in filing, or in ‘such other duties as may not 
be directly charged to an individual job, likewise must be classed as an over 


head and falls into the second group. ‘wh $e00 
805 The importance of ac accounting for this part of the overhead of any average 


— 
sized engineering office can only be realized after a eareful accounting, ‘covering ae 
year’s has studied. The time and the cost are to. prove 


to cost, the question : arises as to the best method 1 to accomplish this ahjeiive. 
If it is true that the fixed charges” remain fairly constant from year to year, : 
in thei approximate amount t-during the 
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_ @ost may be estimated with surprising accuracy. For the purpose of illustra- 


progress to cover this part sheer the overhead. To estimate the probable amount — 


of the second | group requires a full insight into the business of the office, the 


- — of work on hand or in prospect, and, most emphatically, may not be 
left to any accountant or subordinate to determine sits 


‘During the first year of "carrying a set of cost ‘accounts, it will be Mound 


has A that adjustments to the overhead charged to cost must be frequently made 


is ‘Subsequent years will « develop that this ‘most intangible portion of business — 


S tion, it will be assumed that for the same office, with fixed charges of -approxi- 
mately $6 000 per year, the indirect salary costs (second group) are estimated — 


at $6 000 also. a Thus, $12 000 per year, or hae 000 ine month, 1 must he disteib-— 


the cost of the men employed. This method has been. used with 


¥ 


ia hould be borne. in mind: 4 


Ponape The major f the overhead costs should be carried by the 


fs, Aish 2.—Field forces may be more or less transient and, in general, should 
—FExecutives will probably not average more than 10 to 15 days: Al 
month directly chargeable to any particular: job, and this must be ‘ 
considered in determining the overhead they should carry. 
athe, bed —It is understood that indirect time, being a part of the overhead 


tis must not carry any overhead 


‘pid In pr practice, a a time sheet i is made out month by every member of the 


by the these separate amounts are listed i in the 
‘space provided on the time sheet by the bookkeeper. How, bite, 
it Salary charged to cost and s salary earned are also_ set down on the time q 
od sheet, and the proper | charge or credit is made to the reserve account for salary 


Entries to the ¢ general ledger | are made from a summary sheet which is a con- 


densed statement of the information shown on all the time sheets and, further, . 
serves as a voucher for general ledger entries. nition vod 
cost ledger, clients’ ledger, and general ledger are all combined in 
one ‘Moline: Then: cost ledger sheets are printed on the reverse side of the 
clients’ ledger sheets so that the two are always readily comparable. The cost — 
_ ledger sheet is divided into colmns headed “Travel Expense”, “Salary Costs”, 
“Qverhead Costs’ ”, “Costs for Month”, “Accrued Cost”, for Month’, 
“Accrued Earnings”, and “Accrued Balance.” Bec 
Each ‘month a voucher i is made by ah executive familiar with t the status of - 
the office business on which it set forth the charges for the month and the 


Entries to ‘cost account ledger. are made directly from the time sheet. 
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has been accomplished during the month and has nothing whatever to do with — 
the time or method of payment which may be stipulated in a contract. I 


‘one-h: half the work on a contract has been done, « one- -half the total fee has been 


earned, regardless | of whether the job was aie for | in advance or may not be | 


order that the monthly statement and general ledger may th 
‘true of the business, Sate earnings | and charges for service 
nd charged to the clients’ ‘hibidlaaité, 
ings are charged to the reserve for advance earnings and peor to 


By ‘means of a cost control account the cost ledger is kept in balance with 


“the general ledger. Other control accounts are utilized to minimize th the work — 
of keeping the ledgers in balance but, being a matter of accounting, 
2 


‘While the system herein | described may soun complic cate 


“some, , it has been found by | several firms to be accurate, dependable and, once 


understood, is 3 sha nm od by ar an intelligent secretary with two or three days’ work 


the overhead charg ed t with the actu 
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AMERICAN SOCIETY OF CIVIL ENGINEERS 


tae int This Society is not responsible for any statement made or opinion ieee a 


ESSENTIAL FACTS CONCERNING THE FAILURE | 
THE 8T. FRANCIS DAM on 


33 — 


hates By Messrs. FRANK S. Barry James R. Grirrit 


to. be. hoped that the: clear. “presentation of these findings will tend 


lessen the danger of similar calamities i in the future. aiff to. woiver to, 


It As a great pity that a commission similar. in “personnel to any of these 


Baa were appointed i in connection w ith the failure, was not engaged to con- 
sider the of the dam when the large cracks appeared and. the seepage 


a . precautionary. commission, the tragedy might possibly have 
"averted by opening all the outlet pipes and keeping the water in the reservoir. 


well below Elevation 1835. the outlet pipes were n not of sufficient capacity 
to keep. the reservoir at a safe | level, and it” was fully realized that a catas- 


trophe impended unless more radical -measures were utilized, it hav 


It seems obvious that if one or large discharge tunnels, lined w with» 


steel and controlled by electrically- operated butterfly valves, had been built A 


‘through the dam near the bottom it. would have been possible to lower the 
‘Teservoir in a comparatively short time. The ‘situation could then have been 
‘studied and an attempt ‘made to render ‘the foundations safe by ¢ extensi 


grouting operations and the construction of deep cut-off walls and drainage ® 


as * This discussion (of the Report of the Committee of the Board of Direction on Essential F 
Facts Concerning the Failure of the St. Francis Dam, published in October, 1929, Proceed- — 
=m ings), is printed in Proceedings in order that the views expressed may be brought before all 
members for further discussion, 
+ Structural Designer with New England Power Constr. Co., ‘Boston, , Mass. to Hoe ig 


t Received by Secretary, 15, 1929, 
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if measures were regarded impracticable, the dam could 


{3 
1 demolished without damage to other property | or loss: of life. 


Incidentally, it may be stated ‘that, when much seepage appears at the base 

ides of a dam, this water should be collected into ditches, and w weirs 3 


measuring devices should be installed besergiapas purpose of keeping a care- 


After dam has failed, it is easier to explain why it failed 


pa predict positively, while | it is still standing, that it is certain to fail. — The 
writer knows of an earth dam that, was decidedly leaky for two. or three years 
after it was built. The reservoir would not fill up to the crest ‘of the spillway 


because “ofyexcessive seepage; and yet. this see seepage finally diminished, owing 
i probably to > the deposition of silt near and on the up-stream slope « of the dam, 


nd the reservoir was filled without any harmful result. 4 


' age Quite probably those who had charge of the St. Francis ] Dam expect ted some ~ 
~ guch favorable result «ti is seldom that a site for a dam can be found which 
we. is ideal in all respects, and the need for an addition to a city’s water sapply is 


Wes is s fortunate that a » damn usually shows 6 signs s of  weakmess sor some e time before its 


sometimes 80 urgent ‘that choice is made ‘between various sites, none of 


which is exempt from unfavorable features. 
Under such circumstances a site may be which the local authorities 
believe or hope can be made to answer their purpose, and in such case the 


value of a review of the | project by | a State supervisory commission is readily 
Pes apparent. Such a commission would scrutinize the data presented by the 


local authorities ‘and cause’ an examination ‘of the site ‘to be made by one of 


ee its own engineers before deciding to approve or reject the plans. Such a com- 


i mission would have its own reputation for usefulness to maintain and would — 


| + + 


properly be ‘expected to do ‘much toward preventing the erection of unsafe 


regulatory body would not be expected | possess omniscient 
sometimes might condémn projects which would be safe and 
economically sound and approve some which later would x prove ) disastrous; but, — 
to modify a sentence* i in the report of the Jury Drawn by the Coroner of Los H 
Angeles County, “the checking by ‘independent experts. should reduce the 


| 


effect of human error.” is not surprising that the State of California Was 


recently enacted legislation with this intent. ods 
4 


James R. Gairrrra,t Assoc. M. Am. Soo. C. E. (by letter).{—None of the 
‘reports on tl the failure of the St. F rancis Dam mentions any possible 2 weaken- — 


of the r mica ‘schist other. than possible sliding due to lubrication of the 
‘planes of ‘schistosity. bores giv od} Jod) of 
eae * Proceedings, Am. Soc. C. E., October, 1929, Papers and Discussions, p. 2162. —: 

+ Prof. of Structural Eng., Civ. Eng. Dept., Oregon State Agri. Coll., Corvallis, ‘Ore. a? 
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OF ST. FRANCIS DAM 


riter’s experience hes convinced him that at least. 3¢ 
d teriorating effect on the structure of mica | Pe Core drillings — 
site the Glen Island, New York, Bridge brought up disin- 4 
material the top p strata. Large pieces of mica schist picked up 


eports as as to ‘the action of water on n the strength of the mica schist 


nder the ‘east abutment of the St. Francis Dam are available. The writer seit 
as been very dubious of this material : since seeing it first mentioned in reports | 


of the faijore. Very likely decrease i in compressive be in 
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Nots.—Memoirs will be reproduced in the of Transactions. _ Any information 
which will —— the records as here printed, or correct any errors, ‘should be forwarded to. 

the Secretary prior the final publication. 


few 
ai CHARLES MACDONALD, , Past. President, Am. Soe. C. 


Macdonald. who daughter of ‘Colonel Jc oe Stone, the founder of 

; Gananoque. . After attending the public schools of his native town, and, later, a ie 
preparatory ‘school of what 3 then Queen’ College, Kingston, Ont., 
Kingston and Brockville, on which he served during 1852 and 1853, 
1854, Mr. Macdonald entered Rensselaer Polytechnic Institute, at Troy, N. 


= 


which was then the only institution of its kind i in the United States, and was 


of his death was a Trustee of the Institute it its s oldest, In 


acd ollowing his graduation Mr. ‘Macdonald was , engaged on the construction — 
of an extension of the Grand Trunk Railway from Huron, to Detroit, Mich. — 
‘Little engineering work was done in Canada during the next. few _ years, 


Mr. Macdonald lived at until 1863. In the early spring of 


Volunteers, advancing to the rank of Corporal. He was made a the 

“9 F ‘ollowing | the close of the Civil War Mr. Macdonald devoted much time to 

study of i iron bridge construction which was then in its infancy. A 
pamphlet on this subject which he wrote, and which found favorable attention, 
- caused him to be entrusted with the construction of the bridges i in the extension 
of the Delaware, Lackawanna and ‘Western Railroad, to Hoboken, N. J. feb soft: 
tookn 1869 he opened an office in New York, N. '. Y., devoting himself to the 
design and construction of i iron bridges. _ Mr. Macdonald was also much inter- _ 
ested in the development of swing bridges. In 1871-1872 he designed and built 
the Point Street Bridge* in Providence, R. ] I., which was in continuous 
service e under. constant traffic until it was replaced by a heavy, wide, modern 
structure during 1927. He was appointed the ‘City. of New York as a. 
Trustee of the East River Bridge, of which Colonel ‘Washington A. Roebling 


was Chief Engineer, ‘which was opened i in 1883. 
Memoir prepared by W. G. Triest, M. Am. 404 
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_ Edmund Hayes, M. Am. Soc. O. E., had their offices i in Buffalo, N. Sapte the 
Charles Kellogg and Charles S. Maurice, Members, Am. Soe. C. E., in 
that of the. late, Thomas Clarke, M. Am. Soc. 0. in New 
» ork. ‘The Union Bridge Company built many large bridges in the United 
States, including the Poughkeepsie Bridge, erected 1887 and 1888. ‘The 


" Company : also 30 designed and built the Hawkesbury Bridge, in New South Wales, 


'P a. Of Field, M. Soe. 


Australia, during 1886 and d 1887. Both these st structures: had long spans and 
nusually deep foundations. te trod ani AlasoborM, 


He was one of the earliest promoters of a suspetision br ridge over the Hudson 

‘River at 57th Street, New York. oe large model of this bridge was on view in 
5° his office. He’ “was. active in the preliminary , work and the organization of the 
American Bridge Company, ‘to which he sold the ‘Union Bridge Company in 
1900; ; he served as one of the Viee- Presidents of the former company u until 

; - the following year. He then retired from active business, but was occasionally 
* "engaged in consulting work, , notably i in 1910, as one of the Commissioners of 


ie Mr. ‘Macdonald was very much interested in the growth and affairs of the 


Society, and contributed frequently to its Transactions.* ‘He ‘also’ discussed 
“many “papers presented by others, ‘particularly those \pelatting® to bridge con- 
struction and materials. He was an early advocate of the use of steel in place 
ig wrought iron in | bridges and during 1879 proposed the 1 use of high carbon . 
st teel for eye- bars | and suggested the practicability of making steel eye-bars: 
ha aving a yield ‘point: of 63 000 and an ultimate tensile strength of 106 000 Ib. 
“per | sq. in. , which has been accomplished during the past few years. ue alga. a | 
og ‘Socially, he was much interested in the Engineers’ Club, of which he was 
made an Member, the Century, the Lawyers’, U 

anad was! to ‘divide his his. 
home at Rumson, N. J., where he was one of the first summer residents, and 


, his s place “Blinkbonnie”, at t Gananoque, o on the shores of the St. Lawrence River. 


te uise Willard, the daughter of Colonel 
| Willard, of ‘Troy, N. Y. 5 There were three children—a son, William ‘Stone 


‘Macdonald, and two daughters, Mrs. John: Serson and Mrs. W Triest. 
After his wife’s death in 1912, Mr. Macdonald made his home with ifs difdren, 
but he decided to return to his native town | in Canada in 1926, where he spent 
last: years. He. died there on July aged, 1071 to bets 
a Member r of the of Civil 


roportions of the eads ye-Bars,’ ransactions, Am oc EB. Vo 
“p i f the Heads of Eye-B Am. Soc. C. 
i, Di e Failure of the Ashtabula Bridge, ransactions, Am. Soc. C. E., Vol. 
(1872-73) 333; “The Fail f the Ash Beta t Am. § B., Vol. 
VI (1877), p. 74; “The Ocean Pier at Coney Island,” Transactions, Am. Soc. C. E., Vol. VIII 
seat? (1879), p. 227; “The Six-Hundred Ton Testing Machine at the Works of the Union Bridge — 
iered Company at Athens, Pa.,” Transactions, Am. Soc. C. E., Vol. XVI (1887), p. 5; and “‘Presi- 
dential Address, at the 40th Annual Convention at Denver, Colorado, June 


ag A 
| “4884 Mr. Macdonald organized the Union Bridge Company (of which 
— 
— 
tid 
a 
— A 
| 
— 


f 


the City Engineer of Hartford, Conn. In 1893, he returned to New ‘Haven 


WALDO. CLAYTON BRIGGS, n, Soe. C. 
Decemser 13, “1996. 
Waldo Clayton Briggs was born i in New Conn., on Mareh | 14, 1870. 


ancestry back ‘to the Colonial days of ‘New England. forebears 


the patriot | side i in the American Revolution. 46 bes. 


Mr. ‘Briggs attended the public schools of New Haven and wie: 
from the Hillhouse High School in 1889. The followin g three years he spent \ 
int the Sheffield Scientific School Yale University, from which he was 


4% i in 1892 with the of Bachelor of Che” 


1892, following his he’ continued in same ty with 


as Resident Engineer on the construction of a 


r long, for the New Haven Water Company. HONS 


pte South ‘Notwalk, His next ‘engagement, “covering the period. from 


1898 to 1900, aden dal ty Civilian Engineer with the Corps of Engineers, United + 


“States Armny, on | computing, drafting, and superintending the construction of 
fortifications at ‘the eastern entrance to Long Island Sound. - This connectio 


severed when the appropriation for the work was exhausted. 
Mr. Briggs went to New York ‘City i in 1900 and, thereafter, until the time 


+ of his death, he was engaged on the construction of important engineering 


in and about the city. _ From October, 1000, to March, h 


Bailroad: Commissioners, supervising the ‘construction of a part the first 
se transit subway. ‘Subsequently, until 1904, he was employed with the — 
7  _Degnon- McLean Contracting Company, as Assistant Engineer, later as Engi - 
heer in Charge, under the Chief Engineer of the Company, on its contract 
: - for the building of that part of the first rapid transit subway which extended 


from 41st Street ; and Park Avenue, through 42d Street and Broadway, to ) 47th 


iv Street. At that time, subway construction was of the nature of pioneer work 


in New York City, and experience in working out the problems involved, by 
which built the later subways benefited, then lacking. Those, 


such exnditione, deserve commendation for ingenuity, foresight, and skill 


es work, including tunn 
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blocks bounded by Bist ai ind 33d 


with this project. 


following year he was made Chief Engineer of the 
Degnon Realty and Terminal ‘Improvement Company, and was in charge of 
abe he contract for the construction eye the large > Sunnyside Yards « of the — 
_-vania Railroad and of the real estate development in Long Island City, N. ‘T, 
"continuing in this capacity to the end of 1912. The 
: ea construction of the Sunnyside Yards, in low-lying marsh land 
o _ From (1913 to 1916, Mr. Briggs was Chief Engineer for Carpen er and 
* Boxley and Herrick on the construction of Sections 11-B-1 and 11-B-2 of the a 
rapid transit subway from 40th Street to 86th Street, in Fourth Avenue, — 
~ Brooklyn, N. Y., at a cost of $3 725 000. . On the completion of this work, he — 
returned to the Degnon Contracting Company, for the period, 1917 to 1920, 


as Engineer and Superintendent on two other Brooklyn subway entice, 


one a deep tunnel i in sand, 4 300 ft. long, known as Section 2- A of Route = 


the other, : a subway station, directly under the existing Flatbush Avenue > 
sce of the Long Island Railroad, known as Section 1-B of Route 12. 


ee These contracts involved a cost of about $2 000 000. _ Although | Section 1- BE 
was. of. relatively short length, the construetion was so involved as as to sonal 


careful planning and execution. 

cessful completion, a after which ‘severed his: connection the 
Contracting Company, as that Company had decided to discontinue its co 


‘During 1922, the Thomas Crimmins Contracting of New Rak 

City employed Mr. Briggs : as Superintendent on a $2 000.000 contract in West- 

chester County for installing additional steel pipes in certain 1 siphons the 
Catskill Aqueduet of the New York City Water Supply. From 1923 to (the 


: _ time: of his death in 1926 he was ‘employed by Henry Steers, Incorporated, of a 


York City, as ‘Engineer and Superintendent. For the major part of 
these four years he was engaged o on the difficult task of installing foundations kn 
for the large plant of the Western Electric Company at Kearney, N. J., on = 

_ the marshy ground of the Passaic River meadows. — _ The contract involved the be 

expenditure of about $4 000 000, » and, i in the words of a member of Henry 


“Not only by his engineering g ability as shown by the efficient and 
Ens handling of this intricate work, but by his experience, his personality, and the 
ee many sterling qualities of his character, which we came to know, he -estab- : 
ished himself as a permanent and valued member of our staff. - He acted in 
an advisory capacity to Mr. Steers on the various projects in which we were 
interested, and at the time of his death, he had an assured and brilliant future 


in this Company. By his ‘untimely end, we feel deeply the loss of a valued 
came to Mr. Briggs suddenly, without warning. On the morning 


of December 18, 1926, while leaving the City J where 
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in “progress i 
a heart attack and died | srt 


Waldo ‘Briggs was ‘a man of positive characteristies—one to whom ‘right 


was ‘ight and wrong was wrong. | He was intolerant of anything that was not - 


direct and ope en_and « drove straight to the conclusion that, in his ame Rs 
was the correct one. . Absolutely loyal to a friend and a cause, he was inde- 
- fatigable i in his attention to any work he had i in hand, studying its particul 


moblems, never satisfied until he. had mastered its details and thought | out 
ways of overcoming its difficulties. His success was due, i in large measure, to 
his: straightforward and courageous way of looking at his problems and to his” ; 


ts courage i in acting as his judgment directed. One remembers long, and appre- 
- ciates” deeply, the friendship of such a man. He was of. the army of con- 


structive men who leave the world better than they 
Mr ‘Briggs enjoyed country life and out- -of- doors ‘sports. He wa was fon on nd of 


dogs and « on his long rambles, one, and ‘sometimes 1 two, were his companions, 


Biographies « of f noted men always interested him, a and he read many, making 


wo 


A> 


was deep and he took the. active part of a good citizen in the local nl affairs of 


§ pees was married on ‘September 2, 1897, to Belle Ferris, of South Norwalk, | 


Conn. with a son, Ferris Briggs and a daughter, Amy Ferris Briggs, 
survives him. He» was a member of the Scarsdale Golf. Club, the Carteret 


F Club of Jersey City, and ‘the Yale and Quill Clubs of New York City. 


adi Mr. Briggs v was elected : a Junior of the American Society of Civil Engineers’ 


on December 5, 1898, and a Member on duly, 10, 1907. 


LOUIS HYDE EVANS, M. Am. Soc. E.* 


a 
Louis Hyde Evans, the son of ‘Enoch W. and Caroline Hyde Evans, was” 


born at Kenosha, Wis. on Jan 21, 1851. He was the second a 


"prominent attorney in in Kenosha, Ti, to which ‘ity the family 


i 


and Railway ‘Company ot on location and. 
of its lines in the Northern Peninsula of the 1878 


_ * Memoir prepared by a Joint Committee of the Society and the Western Society < 
_ Engineers, consisting of Lincoln Bush, Past- President, Am. Boe. Cc. E., p. C. Carter, M. Am, 
Cc. E. s. Robinson, W. S. 
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Engineering i in the of 1875. 


aw 
Assistant: Engineer on n the construction of ‘double: track 0 on n the Delaware 


sion of that road, grading and bridging 25 miles between Lackawaxen, Pa. 


and Calicoon, N.Y. returned to the University at Ann Arbor in the 


‘Following his graduation | Mr. Evans was again employed with the Chicago 


er 
and Northwestern Railway Company, and from J une, , 187 6, to 187 79, was A Assist- 


Engineer on location and construction of its lines in innesota, on 


oy 


_ completion of which, in 1879, he was employed on the Central Branch of the 

Union Pacifie Railroad. In the latter part « of 1879 he again ‘returned to the 
Chicago and Northwestern Railway Company and served as Division Engineer — 
and Engineer of Track Elevation in ‘Chicago until 1900, when he ‘resigned : 


to accept the position of ‘Assistant: Chief ‘Engineer with the Delaware, Lacka- 


wanna and ‘Western Railroad Company at ‘Hoboken, N. About 1904 he 


4 resigned that position to become a member of a firm of contractors who were 
making grade reductions on the Delaware, Lackawanna and Western Railroad 
ee in N orthern New J ersey; after the completion of this work he returned to 


Chicago as s Consulting Engineer fo for the Union Stock Yards and Transit Com- _ 


When this work was | finished, “My. Evans became associated with the ate 


the 


nd Commission. He then became Consult- 


On ‘the « comple 
devoted the remainder of his life to. his ‘personal interests in his 


‘country home on the Delaware River, in Pennsylvania. 


Mr. Evans w was a of the Western Society of Engineers and the 


was s married on Ju une 2, 1879, to Frances Helen -Robinson, Hope, 
Be tier is survived by his widow and two o children, Mrs. E. T. Hiscox, | of 
_ Tyringham, Mass., and Major E. Webster Evans, of Detroit, Mich, 

Mr. and Mrs. Evans celebrated their Golden Wedding Anniversary on Sun-— 


day, J une 2, , 1929, at Mast Hope. . Mr. Evans was | apparently i in fine health at 


that time, but a sudden heart attack i in his sleep, early on Wednesday m morning, 
ke His sterling character, his love of justice to all, his enthusiasm ; in his work, 


, and his encouragement to others under trying circumstances, endeared him t to 


a heat many who worked with him, or came in contact with him 


Mr. ‘Evans was: elected a Mem ons of the 
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‘neers on July 8, 1889. test 


at Ann Harbor, of abs > 
In July, 1873, he obtained 
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1929. 


: (Peck) Harding, 
was born ‘February 16, 1880, at Mich. Soon afterward, however, 
his people moved to ‘Chatham, and this town was his early home. 
eae Mr. Harding was graduated from. Cornell University at Ithaca, N. Y., , in 
; the Class of 1903. After serving as an Instructor at the University | of Penn 
sylvania, and as Recorder on the United States Lake Survey, he became 


‘Superintendent of ‘Public Works Hudson, ‘N. Y., in 1905. In 1908, he 


accepted a a similar position in the larger city of Poughkeepsie, N. Y., where 
he rendered | distinguished service until 1912. During the latter year he wa 


In 1913, he went to San a Tex., as ee of the Water Supply 


years of the World War. 


After the war, the Belgian desired to: on their invest- 


ment and ‘Mr. Harding formed a group among neighbors to” purchase the na 


stock and take over the property. As Chief Engineer and Vice-President, he 
continued to manage and extend the property, known as the San Antonio 


Water Supply Company, . ‘until it was sold to the 1d of San Antonio i in 1925. a3 


m of sewers 
in the Borough of Queens i in City of New York. 
| _ Mr. Harding was interested in Red Cross work and was ‘Chairman of th 


San Antonio ‘Committee during the war period. _ He had a keen insight and 
was in his judgment of the ‘men a and with which 


He was fond of senting and fishing was a moet companion 

on camping expeditions’ i in search of | wild ducks turkeys. One of the 

writer’s most cherished memories is of a long | automobile trip from 'T 


exas to 
_ Arizona, with visits to all the most important dams along the route. Loy 


MOR ‘Mr. Harding was a | member of the ‘American Water Works Association, 


_ Association. "In the prime of his active atitboudy and with much to loo 
; forward to, he was killed ; in an ‘automobile accident for which he was i in no 
He was married on ‘December 25, 1903, to Louise Swick, of “Merklen 
burgh, Y., who survives him, ‘with: three sons, two daughters, 
of 
Mr. Harding was elected an Associate Member of the 
of Civil maaiemes on November 4, 1908, and a Member on September 3, 1912 
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LLIAM 1 Aim, ‘Soe. 
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Diep Ocroser 30, 1925. 


‘William 1 Dean Janney, the son of ‘William Warder and ‘Marion (Dean) 
oa anney, was born in Baltimore, Md. on September 8, 1859, , of English and 
‘Scotch-Irish ancestry. . After his" preliminary education had been completed 
the Friends School in Baltimore, he attended ‘Lehigh University at 
July, 1881, Mr. Janney entered the employ of the Baltimore ‘and: Qhio 


Railroad Company, and was engaged on preliminary surveys and location. 


In November of that year, he ‘was appointed | Assistant Engineer with the = 
No orfolk and ‘Western Railway Company, later being placed in charge of the ~ 
iz masonry construction on 14 miles of line, which included 2 miles ¢ of road 

extending east from Pocahontas, Va. This work involved masonry for 17 

_ bridges, 100 or more culverts, trestle footings, grading trestles, two -aomele, i 
; < In April, 1883, he becamie General Agent for the Lexington on Manufacturing 4 
he soon this position to re- enter ‘engineering. During 


as and, later, as Chief Engineer. In this capacity, h he 


completed surveys, made up estimates of cost, designed structures, financed 


the enterprise, and built the major part of the line. ot ai 
“ a Three peut later, however, Mr. J anney resigned this position to return to 
‘the Norfolk and Western Railroad Company. :: He remained in the service of 
this road and its affiliated interests until 1894. He was placed in charge of 
both preliminary and location “surveys, which included several hundred miles — a 
of construction work, with division terminals, yards, and shops, a1 nd other , 
railroad | construction of a heavy type. _ One difficult problem of which he hed 7 
charge was the foundation work. for a a bridge ‘across the Ohio and Kenova a 
Rivers in West Virginia. During this period, he was also engaged in the 
2° construction of office buildings, the planning of. town. sites, » the erection of 
dwellings, the grading of streets, the design and construction ide Mieiallite 
system, ete. This series of undertakings involved the design : and construction — 


of amounting to several millions of dollars. — 


“Norfolk Western Railroad Company, with which road he had so so long been 


associated. On 
consummated the lease, constructed the necessary y works, developed the mine, and 
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Ja anney wa was s engaged i in private practice at t Ceredo, 


Sor, surveys general” plans for a 


Ohio River at Ashland, Ky. He likewise examined 


am and coal lands, conducting expert investigation of tergitory of ro a 
“location and defective description which he often succeeded in in retrieving | fon 


owners. When the celebrated “King Land Case” ‘appeared in Court, h 
acted as leading engineering expert by appointment of counsel for the defense, 
| and aided in the preparation of cases, testifying at the various trials. He 


finally prepared all the maps used in the presentation of the case before the 

- Supreme ( Court of the United States i in which the decisive victory was gained. ; 

He was employed during 1896 and 1897, ‘with the United States Engineer 

Department as Assistant Engineer on surveys of the River from Pitts- 
burgh, Pa. to Marietta, Ohio, to. determine Jocks and dams for slack-water 


navigation; later, he was in of the and 


Ohio, i in of all s surveys, laying off of timber the 
location construction of saw- -mills. He developed railroads an and other 


means of transportation for logging operations, ‘and determined the n measure- ms 


- _ From December, 1900, to ) April, 1904, Mr. J anney acted as Chief Engineer 
of the Northern Railway Company, of Costa Rica, for the Com- 
pany. At this time, he was in charge of the location a 

shops. (including the selection, purchase, of all 


‘machine tools and | appliances), , station buildings, bridges, and large apartment 


and office buildings of steel concrete. 20 spl 
In July, 1904, he became Engines for the Coal and 


in connection with the of about 80 000 acres ‘timber 


land in Clay and Nicholas Counties, West | Virginia. : After he had built: the 


bee into the property, designed all the structures, and reported on timbe 
and coal deposits, he ‘started the actual development of the mine 


_ Later, , he returned to Baltimore to accept a position as General Superintendent i 


of Construction i in the building of new reinforced concrete piers for the ieee 


a B. Banks, Consulting Engineer, of "Baltimore, to take charge of = 
is senting with a high-pressure system of water supply i in West Virginia es 
_ In this capacity he made a topographic survey of a stream valley to determine — 

_ impounds and location of dams, and, later, he located 43 “miles of pipe line : 
He conducted all negotiations for the acquisition of lands, etc. __ ee 
5! From 1912, to 1919, he was. engaged in private practice with Mr. Banks, 


making examinations and reporting on various hydro- electric projects, water- 


involving intricate engineering and construction problems, ner sur- 
Hee svg layout of channel dredging, and the preparation and | testifying i in many 


cases of li litigatio on on puite, 
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During the first of thie War Mr. J anney as 
Engineer with the Quartermaster Corps, U. S. Army, i in charge of the distribu- 

ion and allotment of railroad mat erials, but soon ‘after, he was forced to 

sign on account of ill health. Je ont 

In December, 1918, he was : again engaged in private practice, and ‘sub- 
"sequently: until his death acted as Special Engineer with the United Railways 4 


Mr a man of high character and was well liked by all his 


member of the Engineers Club of Baltimore, and for 
jon years the Editor of the monthly Journal for that Society. He was 


intensely interested in the organization of The Boy Scouts of America, ‘and 


on was a member ‘of the Court of Honor in awarding badges. — ‘He was also an 
ay Elder and Trustee of the § Second Presbyterian Church of Baltimore. 
had few re recreations, but took great delight “tinkering around his 
"4 ai own home, or in fishing, spending many h hours with his rod in hand waiting 


for the quick jerk which told of an unsuspecting nibble. oh § 
a He was in ‘Baltimore on February 16, 1886, to Marion Rowe ; they 


Civil Engineers in 1891, and a on April 1, 1896. peat 


CHARLES LEWIS wet TER, M. Am. Soc. Revo 


Charles Lewis 
Potter, was born at | Me., on J 24, 1864. His bajhbed 
‘a passed on a farm in his native State and his early ‘echooling was obtained in 


ae NY, in 1882, and was graduated therefrom in ao standing fifth in his ; 
‘Class. He was commissioned a Second Lieutenant and assigned to the Fifth — 
Cavalry, on July 1, 1886. i He served on frontier duty at Fort Supply, Indian P 
‘Territory, in September and October, 1886, and then in garrison at Fort - 
Leavenworth, Kansas, until March 29, 1887. “He was transferred to the Corps 
of Engineers, on F ebruary 2, 1887, and was sent to. the Engineer School of 
: a Application at Willets Point, N. Y., from which he was graduated i in — 
ewe. Potter’ s first Engineer assignment came i in October, 1889, when he 
was” appointed Assistant to ‘the Engineer Officer in charge, at Montgomery, — 
 Ala., on the improvement of rivers in Alabama, Georgia, and Florida. His 
"subsequent assignments | were. distributed « over a great part of the United States 
#4 ies... | follows: Fortifications i in San Francisco Harbor, and rivers in Southern 
Oaliforni 1891-1897; rivers Oregon, 1897- 1898; the Mississippi River 
Memphis, Tenn., -1900- 1908; the Great Lakes, Duluth, Minn., 1908-1906 ; Porto 


as Chief Engineer, ‘Berviea, 1907-1910; the 
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dent | of the Mississippi ‘River Commission, at St. front March 19, 1920, 


. He: ‘was promoted to the rank of Captain | on J uly 5, 1898; Major r, Septem a 
hee ‘14, 1904; a7, 1911; and ‘Colonel on 


; . Colonel Potter was Chief Engineer, in the ‘Philippines, of the 8th Army Corps, 


on the Staffs, of Generals: Merritt and Otis (1898- 1899), and during the 

World War he was Director ‘of Gas Service (now the Chemical ‘Warfare 
Service) at Washington, D. C. (1917- 1918). 


~ Colonel Potter’s outstanding work was as President | of the Mississippi 


River Commission. He was a man of very attractive personality, cordial and 


? % frank. He readily secured the confidence and respect of the leading men with 


whom the Commission had t to deal, which had a far- reaching effect on harmo 


nizing its. many interests. ‘During ng this service he was also Division Engineer > a 

of 1 the Western Engineer Division, comprising river improvement works in| 
: the Engineer Districts in the Mississippi Valley from the head-waters to th 


Red River, including | the | rivers tributary to the territory of the Commission 
¥ except the Ohio and Illinois Rivers, and the Mississippi below Red ‘River. — u 
greatest work came in 1927, following the phenomenal and disastrous 
flood of that: spring in the Lower Mississippi Valley. During the months 
i a 1 wing this flood, to the end of 1927, he labored 1 unceasingly i in the prepara- 
a tion of comprehensive plans for the control of this great river, to be submitted 
__ for the consideration of CO: Congress, frequently appearing before i its Committee 
in advocacy of the Commission plan for the solution of the great problem 
‘There is no doubt that the strain under which he labored so long and so o assidu- — 


ously, weakened and undermined his health. ul TOES 


“25Qq reaching the military age for retirement, ond anuary 24, 1998, he was 
retired, but was immediately recalled to active service, continuing as Presi- 
of th the Mississippi Commission. The Flood Control _Act of 

Congress, pending at the time, carried the provision 


Be Mississippi River Commission should have the rank of Brigadier- General. 
2) Recognizing the importance of the Commission and of Colonel Potter’s great 


service : thereon, he was promoted to that rank on May 15, 1928. 


Deeply interested i in the vast work to be carried on by the 
forward with eager anticipation to its prosecution. His wish was not 


fulfilled. To. great surprise and disappointment he was relieved from 
cn active duty on June 12, 1928, and shortly after was forced to undergo what 


Was: expected be a | comparatively sa safe surgical operation. His impaired 


physical condition, however, left him unable to rally from the shock of the 
and he passed away quietly, on August 6, 1928. 
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5 
which he possessed a 1 fine library. od He ionibidenti numerous articles to engi- 
neering journals concerning the river ‘problems These’ were 


in he was advanced to the Thirty- last Degree of 


he the Ancient and Accepted | Scottish Rite i in a most unusually short, ‘time. in = 


— of ‘Sroquent changes of station incident to Army life, General Potter - 
w officers ever to attain this distinction 


General is by widow Potter, his 


General Potter was. elected a Member ‘the: American Society of Civil 


GEORGE FETTER STICKNEY, M. Am. Soe. C. 


a George Fetter Stickney was born on J anuary 24, 1869, in St. Paul, Minn., 
son of Stickney and Virginia (Fetter) Stickney. His boyhood days 


Brigadier in 1 the Corps: of, Engineers, United States “Amy, was 


tioned i in charge of river and harbor improvements s. He received the degree of 

Bachelor of Philosophy from the Sheffield Scientific School of Yale University 

n 1891, where he was a member of Chi i Phi Fraternity. 

Mr. Stickney’ s first’ employment w was with ‘the Mexican International Rail- — 
road Company. From 1891 t to 1893, he served as Rodman, Leveler, and Resi- 

Engineer retracing location | ‘surveys on the Durango. Extension, super- 

vising the construction of 30 km. of line, including yards and freight a 
passenger depots in the City of Durango, Durango, Mexico, making recon-— 
a naissance and preliminary surveys to Rio Tunal and supervising the grading 4 


25 km. of the Sierra Mojada Extension. _ 


He entered t the Government Service in 1893 United States Assistar 


Engineer in charge of repairs on locks and dams on the Kentucky River in 
_Kentue ky, and made : surveys for the location of Lock No. 7 at High Bridge, — 
a building the lock-gates and designing boats, barges, dwellings, etc. From 
1895 to 1898, he was in local charge of the operation and care of five locks and — 
ams, a dredge and a snag-boat on Green and Barren Rivers and a lock on £ ' 
' ae River, Ky. In addition, he rebuilt part of 1 Dam No. 2 and finished the 
construction of Lock No. 2 at Rumsey, Ky. hort q 
ae ‘Mr. Stickney served for nearly two years in the United States and Cuba 
during the Spanish-American War as ‘Captain i in command of ‘Company 0, 


_ Third Regiment, United | States Volunteer Engineers. In 1899 and 1900 he 
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made a survey for the of a terminal railroad at Sabine Pass, 


graded ‘streets on the outskirts of. Paducah, Ky.; and made ‘plans for ‘the 


pe Bonne Terre Railroad ‘Company in Southeastern 


Mince In 1901 and 1902 he had charge a as s Assistant Engineer, for the Lake = 


— 


Company, 


< of a concrete arch forming the 


‘ to the Southern Illinois and Missouri Bridge, : Thebes, Til. . In 
and 1905, as” U.S. Assistant Engineer, he was employed on harbor work i 
Northern New J ersey and along Long Island Sound. For nine years, 
1905 to 1914, Mr. Stickney was employed in the of the State 
i _ Engineer and Surveyor of New York, as Supervising Engineer, in connection 
. a with the - Barge Canal; and in addition he had general charge of the design of — 
: large sections of the New York State canals, namely, the Erie, Champlai 
Oswego, and the , Cayuga-Seneca Canals, together with the supervision of con- 
struction on more th than 250° miles of waterway, including approximately one- 
third of all the canal: structures, the construction cost of heen 
@ _ Another important engagement was that of ‘Consulting Engineer t to | the Lak 
Erie and Ohio River Canal Board of Pennsylvania from 1915 to 1917. As such | 
Mr. Stickney had charge of preliminary investigations, surv veys, preparation of ti 
plans, estimates, ete., for the ‘proposed waterway which was estimated t ost 
000 000. ‘This latteb wotlk included the canalization of the Beav 
: Mahoning Rivers, in Pennsylvania and Ohio, and 1 the construction of a canal 


_ from: Niles, Ohio, to a point: on ‘Lake Erie ‘Just west: of Ashtabula, Ohio, with : 


_ locks, dams, : and reservoirs, as well ; as port developments. at Lake Erie and at oe 
wie a Consulting Mr. Stickney maintained an office in | 


several claim cases water rights. was the inventor of the siphon 


spillway for discharging w water through dams, and of an automatic movable 
erest for He contributed paper entitled “Siphon Spillways”* ‘to the 


My Stickney was a man of inn intellect and had the of 


¥ i. ifting out the essential el elements of a . problem and the a ability: to work out in 


detail an accurate solution. His skill in rapidly and accurately y with 
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acai few lines materially aided i in making plain his conception of the subje ect or of 
‘ut an 1 object. rf He 1 was s very methodical and kept his records i in precise and com plete 


form. He was self-reliant. and « on occasion was: tenacious in ‘ie 
views. Always he was a thorough gentleman, with an ever- present t quiet dignity. 


He had been in declining health for three or four years before his death, the 
cause of which he had attributed: to heart mbt he had 


by his widow, two J osephine and. 

Jr. and by his mother and two sisters, all residing i in New York, 
Mr Stickney was elected a Junior of the American Society of Civil Engi- gq 

“neers, on May 1, 1894; an n Associate Member o on April. 5,. 1899; and a Member on 


UPHAM, M. Am, Soc. 


- Charles Cli ton Upham was born on May 5, 185: 2, of good old New England 


ock. He was of the seventh generation, Sia raat line of descent, from 
ohn Upham who came from England in 1635 with colony of twenty- one 


families under the leadership of one, J oseph ‘Hull. settled in what was 


then” called ‘Wessaguscus, afterward named Weymouth, in 1 Massachusetts. 


John Upham was evidently a man of consequence in his ‘community. having 
been a | Delegate to the General Court as well as Selectman. of the Town. by He > 


was ¢ one of six w tho treated with the Indians for the lands of Weymouth, the 


to which he soon moved, J ohn Upham served as. Selectman as well 


- Moderator of the Town Meeting. His son, Lieut. Phineas Upham, who gained — 


i his title in the Colonial Wars, \ was also a man of prominence. — It was said of 


him t that orcester [Massachusetts] owes ‘its foundation in no small degree, 
_ Other Uphams in the direct line of descent appear to have been men of ¥ 
a prominence and enterprise. Several of ‘Mr. Upham’s ‘ancestors, , not of that 
mame, however, came to Massachusetts in the early half of the ‘Seventeenth ~ 
Century. . His father’s mother was a M ayflower descendant. His father, born 
di in Castine, Me. i had moved to Boston, Mass., and was ‘one > of a party of ten to 


sail from there for California, around Cape Horn, in 1849. After eighteen — 


Upham was born. In 1853, the family moved to Ill, , where young: Upham 
at was brought up. The father was recognized in. Dixon as a man of education — ¥ 


and of excellent nt literary taste. Charles Clifton Upham | had a fine — 


_. Beginning at eighteen years aia age, from. 1870 to 1872, Mr. Upham was 
Assistant Engineer on the Illinois. River ‘Improvement, Slackwater Navigation. 


The next three years found him gaining his first experience in bssamsnan as 


settlers previously ‘having occupied | this site as ‘squatters. | Later, in “Malden, 


months, he returned and lived in Woburn, Mass., where Charles’ Clifton 
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Engineer of f the Grand J ‘unction Railroad and the Belleville and 


years 


North Railroad, in 2 Ontario, Canada. Then, for th three 


Meanwhile, he as a United States Mineral Surveyor. 


% enjoyed relating that, while he was in Del Norte awaiting g developments, he and. 
a friend, who later became Cashier of the local bank, worked with pick 
and shovel on | highway construction, and that he loaned the contractor money 

hen he needed it to complete his anit 


several years” Mr. Upham was with the Atchison, Topeka, and Santa 


Fé Railroad Company on location and construction, having served at one time 
as ‘Transitman on part o of the difficult location of the line through the Grand 
Canyon « of the Arkansas, When the ‘Mexican Central Railroad ‘was started “ye 


Paso. del Norte “(now J warez) south toward Chihuahua, he became 
] 


Locating ‘Engineer, there being. then “no Chief Engineer. After” several 
hundred miles had been located, he ‘was offered the berth of bags 


the same salary, $250 per month. This he refused as] he deemed the salary — 


equate. | He was much needed on the work and did not hesitate to remain ir 
oca ti ng Engineer, the salary being then, as he thought, adequate for that 


Lo 

osition. This was an example of ‘the refusal of de desirable advancement 


because of an honorable respect for the dignity of his profession—and this on 


& B 


By that time he had acquired ready use of Spanish 

was very popular with the various Mexican officials at Paso del 


Norte. He was conspicuously an asset to the railroad. It. was. at tim 
that his locating party was wiped out by a band of Yaqui Indians on the war-— 


x) path, and it was first thought | that he was with the } party ; but as it developed : 


ppened to be « route elsewhere. His obituary had been published, 


a later he ha 


however. When the news reached Paso del Norte, his Mexican friends were 


j 
most seriously 


and it was” surprising how quickly the cavalry regi 


‘disturbed 


ment was put ‘in ‘motion, the Colonel at its head. With Mr. ‘Upham i in danger, : 


it was a matter of personal friendship rather than a routine sortie. — Nt weg ; 


"Following: this, Mr. very soon was offered and accepted post of 
n Central 


Idented! and constructed. Tt: was wort’ difficult Yoda: 
tion for which, no doubt, his experience in the Grand Canyon of the . 


: ‘especially qualified him. He was able ‘to improve very materially on the. loca 


tion previously m made by another engineer. “OAS $31 


"When this work was completed, he became, in 1884, Chief Engineer of the 
2 Colorado Railway Company, with headquarters: at Denver, Colo. 


afterward he was ‘appointed Chief Engineer of the Chicago, Burlington, ar 


Northern Railroad Company, then under construction, with hes 


he w was 


appoin 


3 * Paul, ‘Minn. Following this, 


all the lines in in 


Tilinois, | 


of the Chicago, Bu 
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His health recovered, Mr. U Ipham was, in 1895, a Consulting Engineer, : 
ell as Chief Engineer and General Manager of the Salt Lake Rapid Transit 
Company, operating a 30-mile electric line. Later, he was General Manager 


of a 60-mile electric street railway at Lincoln, Ne ebr., , in which he also had 
Somewhat later, Mr. Upham moved to New York, where he became 


Consulting: Engineer for the New ‘York Steam Heating Company, and ‘sub- 
sed 


sequently served as its Vice-President and General ‘Manager; he remained in | 
that | position until ill health ¢ caus 
; death which occurred in New" York on Jan anuary ry 7, 1928. - While he w wai s engaged : 


» 


be and transporting it by water ¢ carriage ) through pipes ; from the x mines to large 
cities. Nothing tangible has ‘resulted, however, whether because he was ahead | 


of the times, 0 or because of inherent difficulties in the process, it is apbeaible 


rte 


him to retire several years before his 
a with ¢ this Company he made an extensive study of methods of pulverizing coal 
r 


Mr. Upham was a member of the Sons of Revolution; the 

Society | of Colonial Wars ; and the ‘Society. of Mayflower Descendants, 


He a ‘man fine presence, tall, blonde, well built, physically 


4 socially attractive, and of fine character ; a gentleman i in appearance, ‘manner, — 
and s ubstance; he made many friends. As reflecting in some degree the 


influences which | formed his character, his brother who compiled the. Upham — 


oe Genealogy which has supplied some of the foregoing data, i in closing wrote: 


_ “Tf its effect is * * * as TI have hoped it may be * * * to cause 
each one bearing the name of Upham to feel that he has responsibility for 

S bearing it creditably, then indeed will a grand object have been attained, and © 
we may adopt the sentiment of the New Brunswick Uphams: BOUT 


® ‘Sdn ‘If it is not in all mortals to command success, we will do more, de- 


Charles Clifton Upham qualified; he success; he also secured it 
‘The writer of this memoir, who was associated with him in Mexico and in n * 
New Mexico, holds him i in fond remembrance. hod 
“Hei is survived by his wife, Anna St. John Eells, to whom he was ‘was married “a 


in December, 1883, ‘and who also traced her ancestry to the early. colonists: of 


was s elected a Member of the American Society of Civil Engi- 


ROBERT: HARLOW ANDERSON, Assoc. M. Am. Soc. C. E* 


otal) rot Des: Avausr 8, 1929. yaw awl obsio! 

is Robert Harlow Anderson was born in North Woburn, Mass., on October » 
187%. He was educated at Robert “College, Constantinople, Turkey, at 
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Memoir prepared by J. A. Longley, Hsq., Chattanooga, Tenn. 


ivodad une, 1898, Mr. ‘Anderson began ei professional career as Rodman and 


Draftsman on the United States ‘Survey New York 


=” 


a Merchants’ ‘Association of New York City. In March, 1900, he v was s engaged as ._ 


ae. Draftsman and Transitman on surveys for the Ni icaragua Canal and, in 1901, 
Transitman for the late George 8. “Morison, Past- President, ‘Am. Soe. : 


"John 6 C. Hoyt, M. Am. Soc. C. E, oe, a report on 1 the hydrography of this 


After the « completion of this report he was appointed Assistant, Engi 


neer ‘with | ‘the Isthmian Canal Commission. Mr. Anderson was one of the first” 


engineers: on the Panama Canal. He was engaged in making investigations 


n 
and plans, under the Resident Engineer at Bas Obispo, Panama, for the control 


From 1905 to 1909 he Engineer for the McCall’s Ferry Power 
Company on the Holtwood, Pa., Power Dam, and he was also employed on 
4 work in connection with an irrigation project at Twin Falls, Idaho, and fora _ 
hydro- electric project in Nova Scotia. Mr. Anderson’s first connection with ; 
: he ‘the Tennessee Electric Power Company was in 1909 when, as Resident Engi 
neer for the J. G. , White Construction Company, he was engaged on the « con- 


struction of two hydro- electric developments for the Power Company at Parks- 
ville’ and Caney Creek, on the" Ocoee River. From to 1917 he wi was 


Falls Hydro- Electric for the same Company, and, from 1919 to 
- 1921, he was Engineer for the J. G. White Construction ‘Company, located. 
F ; at Rifton, N. Y., during © the building of the dam and power plant on the 
‘Wallkill River. He also was s engaged on other engineering \ work for the J. a. 
_ White Construction Company at Langley Field, Virginia, and at the U. 8. 


1922, Mr. . Anderson returned to ‘The Power 


Qu 


— 


4 dam and. power- -house at the Great Falls Plant. he made 


and engineering investigations of various projects and was in charge. 
construction of an earth storage dam on the Toccoa River, for the 


Electric P ‘Power Company, a subsidiary ~The Tennessee Electric Power 
This: dam is ‘to be 167 ft. high and 


Me. Anderson is survived by his widow, ‘ry J 
‘to he was in 1907 He also leaves one 
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of Robert: College, | 


until his retirement in 1917, he returned to the — 


Due Mr. Anderson leaves: a host of personal friends, both within and without ; 
‘The Tennessee Electric Power ‘Company, who held him in deep admiration for 


his sterling qualities as as a man and a most capable engineer. ay anor’ 
Mr. Anderson was lected an Associate Member of the American Society 
Jo gol tsioe 
‘THOMAS McKENZIE, Am. Soe. C. E* 


born i in 1 Providence, R. on 1867. His. parents w were e of 
and English ancestry, his father’ s. family having come to the "ta 


hoy in their youth. His mother died in his childhood and he went to live 
with his uncle and aunt, Mr. and Mrs. J ohn McCulloch, of Providence, R. I. lo 
Mr. was still a young man his ‘uncle and aunt removed 1 to q 


— 


Conn., situated across river from Westerly. His uncle, 


who: also was employed there as a Master Moulder, later, decided to enter — 
the business field in Westerly for himself, taking his ; young nephew with him. 7 
Ne: Mr. McKenzie continued — in business with his uncle until 1889, when he = | 


determined to: abandon foundry work and enter the engineering and building 


"profession by means of which he might work his» way “upward i in life to’ a more 

Id anuary, 1889, he went to Providence, and entered the office: a a 

i late J. Herbert Shedd, M. Am. Soe. CO. E., as a student in civil engineering. 

2 He remained. with Mr. Shedd for three years, acting as Rodman, Chainman, 

Office Draftsman. iy ‘During his studentship he attended the night 


. in Providence, employing his : spare time improving his natural talents as a 
Draftsman, i in which work he later became very proficient. ~ 
While Mr. ‘McKenzie’ was with Mr. Shedd, from 1889 to 1892, 
engaged on the encroachment line ourvese on the Paweatuck River at t Westerly, 
After completing his. three years’ apprenticeship, he found it ‘necessary to 
make a change of | employment, owing to Mr. Shedd’s connection with the City = 
s Office in Providence. Consequently, early in 1892, he entered the 
Seer office of the late Samuel M. . Gray, M. Am. Soe. C. E., as a Construction Engi- — 
neer. Mr. “McKenzie remained Mr. Gray : for five ‘years as an Assistant 


time he was in charge at Bradford, 
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and distributing reservoir. Chautauqua, he completed the ‘sewer 
system already well under way at the time of his arrival on the ground. Ul This 
work included the building of a Chemical Precipitation Disposal Plant, whic 


oy kept him busily engaged all of one winter. This was followed by the building 
a a -water-works system, including a small storage and distributing reservoir, Rules 


with its earth work dam and masonry spillway, at Meredith. At Gallipolis, 


constructed the 1 water-works plant, including a system of pipes and hydrants, 
reservoir, | pumping station, and. a ‘unique source of supply. This consisted 
four 4- ft., cast- iron pipe wells on an isla nd i in the Ohio River. These 


oe on the high banks of the river. Considerable | difficulty was experienced i in the 


topes, 


of these works, but they were finally completed i in a satisfactory 


manner. _ His work at Rockville was the building of a sewer system in 1895 


and 1896. This ‘construction required consi rable rock excavation in the 


treets and an inverted siphon under the Hockanum River. wat as FERRE 


In the construction of these various undertakings, Mr. was very | 


: careful and conscientious to see that all parts: of the work were done in Toone 


ance with the contracts ‘and 5} specifications. 

> a 1897, ‘the Town of Westerly, after considerable litigation in the Courts, 7 


acquired the rights, franchises, good-\ will, and title to all the property held 
33 by the Westerly Water Company, including the x right to. use the waters of 
ie Shunoe Brook i in Connecticut : asa source of water “supply end. the privilege 


of furnishing | water to the Vv illage of Paweatuck, Conn. jour’ th 


4 


involved ‘the abandonment of. Shunoe Brook as. a water 


necessitated a new pumping station and new mains. McKenzie was 
selected to take charge of the reconstruction of the new and improved system. “ 
| After completing the improvements and additions, the system was given 
* thorough,’ test, found to be satisfactory, and the works were then turned ove 
_ to the ‘Town. The Board of Water Commissioners immediately appointed on 
Mr. McKenzie to be Superintendent — and General Manager for the Wester]; 
_ Water-Works which position, extending over a period of more than thirty-t v0 ah 


+ 


During his early connection | with the water- -works, or in 1902, the pipe 


: system was extended to the Watch Hill District and along the South Shore, 


supplying the summer population with good water and fire protection. The 


extension of the | distribution 1 with the ever- increasing consumption of water 
on n both sides of the river required more storage capacity than was available 
from the one : small ; iron . stand- -pipe, built in 1888 by the Water Company. 

‘a result, one of the most important improvements in the system was the 
building of a reinforced concrete stand-pipe under the supervision of Mr. 


with Mr. Gray ai as s Consulting Engineer. The plan was successfully 


> 
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put into service in connection with the iron stand-pipe then i 


wer for the Wes erly Fire 


this in 1 connection with his other ‘duties as of the Water. 
Siar The sewer system as finally planned for the District included in addi- 
tion to the pipe system, two pumping stations, an Inhoff tank, and two filter 
beds, costing approximately $600 000. ‘These works 1 were built largely by ‘con 
tract under the supervision of Mr. McKenzie as Engineer in Charge. 
Bee In connection with his duties attending the water-works and sewer system 
of Westerly, he found time to rebuild : some of the | streets and. highways for 
‘the: town, also, to assist in an advisory « capacity some of the near-by towns af 
ee ra ‘villages with their water problems. He was an indefatigable worker, « and was 
ei always willing to serve in the interests of the town’s affairs, and, later, i in the 
a building of the new ‘Memorial, Hospital in ‘Westerly, for which he served on 


‘ay 
Grand Lodge. In 19 fof 


co 


the George ‘Washington National Association, besides holding - many 
other important offices in Rhode Island and Connecticut. He was a 


of | the New England Water Works Association and the Providence Engineer 
Society. ‘He was a communicant of ‘Christ Protestant Episcopal Chueh, 


of Westerly, « a i mera of the Vestry, Junior Warden, and Treasurer of the 


of 


at her home i in on n September 28, 1928, leaving o1 one son, ulien L, 


Sanat Mr. McKenzie felt the loss of his ‘companion very ‘keenly, but bore up 


bravely and plunged into his work fi far beyond his strength, which over-activity i 
brought on severe a attack of heart trouble terminating in his death after 
four days’ illness. He always had been of robust health and ‘unusually well | 
and strong, but he over-taxed himself. of. visio 
‘owt _ He was very systematic i in all his‘ work: careful statistics: and records were 


“kept of the operation of both the water and sewer plants, carefully indexed, 


and put on file, together with the plans of all the works. He always ‘managed 


a to surround himself with a corps: of faithful assistants and co- -laborers, who 
oh at all times were willing and ready to perform the tasks he gave them. Many © 
of these assistants nts and laborers remained with him for several years. ‘Mr. 

Ki sa McKenzie was greatly respected and admired as a faithful and loyal servant | 
ee the community in which he served, was popular as a speaker at public — a 

meetings, and 4 an n able’ executive and presiding officer. His loss will be greatly ¥ 8 

felt in the town in which he ‘spent the best part of his life. jet 3 
In closing, it may be well to remark that Mr. McKenzie owed large 
“measure of his success and formation of character to his Aunt Mary i | T 


@ cared for him in his early life : in place of his eee and of whom he was ah ad 
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fond. His, wn moth or hi ater, he repaid 


his debt of gratitude and love to her by taking her into his own home i in her eo 


Mr. ‘McKenzie was elected an Associate Member of the Society. 
Civil Engineers on November 6, 1895. phase 


PATTON STEVENSON, “Assoc. M. Am. 


Patton Stevenson was born in Philadelphia, Pa., on May 6 6, 1876. 

r In 1897, he matriculated at the University of Pennsylvania where he cel baw 

In May, 1900, Mr. Stevenson to ‘Cuba as Assistant with the Engineer 

f Corps of the Cuban Steel Ore Company on the construction of ten miles of 

' ailroad; from August, 1900, to F ebruary, 1902, he was engaged | with the 

Engineering ‘Department of Santiago, Cuba, (under Capt. S. D. Rockenbach, 
Ss. Corps of Engineers, Engineer ‘Officer, and ‘the late A. 8. Hobby, J 
Am. Soe. C. E., Principal. ‘Assistant Engineer) in ‘Toad and 


culvert construction, and sewer work. 2 ob By 
Snes 1902, he organized the firm of Stevenson and Headman, wail 


City of Paramaribo, in 1905, it built by « contract 6 km. 
railroad embankments, 100 km. in the interior of Dutch Guiana on a a ; 


known | as “Suriname Koloniale Spoorwegen”, and also signed a contract with 
Spoorwegen” for railroad ties ‘(native wood). 


as the Construction of an ‘American. Syndicate holding con- 


~ cessions there. . In this same year, he went to Rio de Janeiro where he held a 
- position as Assistant Engineer in the Rio de J aneiro Tramway, Light, and 


Power Company, which had just been organized with the object of supplying 
electric: tramway power and light service to that city. ‘Het remained in 


anciro, of which Company he served § as President u until his death. 
an 


ary capacity f for work a and peared es He led the Federal Express 


which she formed with American and Brazilian elements and capital 
to 


the administration of his remaining very high 
standing i in business circles and i is the Agent i in Brazil of the Munson 1 Steam- 


Line, the J American Express Company, the White the. Marine 
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for Brazil, was also. its first Secretary. He served 


4 and tirelessly i in this capacity until after many years he was induced to | accept 
the de J aneiro 


Country Club ‘Which he served as he was a of the 
a. ockey and Golf Clubs. ‘His vision and initiative in establishing the Country 
_ Club made evident only one of the many ways in which he used his great — 


elites fou the pleasure : as well as the profit of the entire community. He 
was deeply interested in furthering good and 


Americans, and he worked to this end with great success. 


aff 


to Mr. Stevenson died of heart diorgees from which he shad been | su ering 


burial.» was ‘attended by practically the entire. American Colony "and ‘the 
= prominent members of Brazilian society and of business firms. of Rio de 
J aneiro. Hei is survived a his widow, Esther Ss. ‘Stevenson, of Philadelphia, Pa. 


Rio de Janeiro his permanent took p pains ‘to. understand the 
’ sh psychology of Brazilians, and to follow the Republic both in its material and 
intellectual aspect. associated freely with Brazilians. and, consequently, 
able to promote the American business interests with which 


develops: when there i ‘is lack of mutual understanding. BL 
ls Stevenson was elected a Junior of the American Society of Civil Engi- 


on April 4, 1905, and an Associate Member on November 6, 1907. 


aid 
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